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(54) ORGANIC ELECTROLUMINESCENT ELEMENT 



(57) An organic eiectroluminesoence device which 
exhibits an excellent purity of color and a high efficiency 
of light emission, has a long life and emits reddish Oght 
and a novel compound having these characteristics are 
provided. 



The organic eiectroluminesoence device comprises 
an organic layer disposed t>e1ween at least one pair of 
electrodes, wherein the organic layer comprises a com- 
pound having a fluoranthene skeleton structure substi- 
tuted at least with an an^e group or an aikenyl group. 
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DESCRIPTION 

ORGANIC ELECTROLUMINESCENCE DEVICE 

T^,f!T^r>JTnAT. FIELD 

The present invention relates to an organic electroluminescence 
device which is used as a Hght source such as a planar Hght emitting 
member of televisions and a back hght of displays, exhibits an excellent 
purity of color and a high efficiency of light emission, has a long life and 
emits reddish hght and to a novel compound having these characteristics. 

B^Ci^rt-ROTTKm ART 

Electroluminescence (referred to, as EL, hereinafter) devices \ising 
organic compounds are expected to be used for inexpensive full color 
display devices of the soUd light emission type widch can display a large 
area and development thereof has been actively conducted. In general, an 
EL device is constituted with a light emitting layer and a pair of electrodes 
faced to each other at both sides of the hght emitting layer. When a 
voltage is appUed between the electrodes, electrons are injected at the side 
of the cathode and holes are injected at the side of the anode. The 
electrons are combined with the holes in the hght emitting layer and an 
excited state is formed. When the excited state returns to the normal 
state, the energy is emitted as hght. 

Although the practical application of organic EL devices has started 
recently, devices for full color displays are stiU under development. In 
particular, a material for organic EL devices which exhibits an exceUent 
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purity of color and a high efficiency of Ught emission, has a long life and 
emits reddish light has been desired. 

In an attempt to satisfy the above desire, a device emitting red Hght 
in which a derivative of naphthacene or pentacene is . added to a hght 
emitting layer is disclosed in Japanese Patent Application Laid-Open No. 
Heisei 8(1996)-311442. Although this device exhibits an exceUent purity 
of red Ught. the device exhibits an efficiency of Ught emission as low as 0.7 
hWW and has an insufficient average Ufe which is shorter than 150 hours. 
An average Ufe of at least several thousand hours is necessary for practical 
appUcations. A device in which a compound derived from 
dicyanomethylene (DCM) is added to a Ught emitting layer is disclosed in 
Japanese Patent AppUcation Laid-Open No. Heisei 3(1991)-162481. 
However, this device exhibits an insufficient purity of red Ught. In 
Japanese Patent AppUcation Laid-Open Nos. Heisei 10(1998)-340782 and 
Heisei ll(1999)-40360. organic EL devices using fluoranthene compounds 
are disclosed. However, the devices using the compounds disclosed in the 
above patent appUcations do not emit yeUow to red Ught. The efficiency of 
Ught emission is as smaU as 4 cd/A or smaUer and insufficient. 

DISCLOSTTRE OF THTC TTMW.MTyr^H 

The present invention has been made to overcome the above 
problems and has an object of providing an organic EL device which 
exhibits an exceUent purity of color and a high efficiency of Ught emission, 
has a long Ufe and emits reddish Ught and a novel compound having these 
characteristics. 

As the result of extensive studies by the present inventors to develop 
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an organic electroluminescence device (referred to as an organic EL device, 
hereinafter) having the above advantageous properties, it was found that 
the object can be achieved by using a compound having a fLuoranthene 
skeleton structure substituted at least with an amine group or an alkenyl 
group as the light emitting material. 

The organic electroluminescence device of the present invention 
comprises an organic layer disposed between at least one pair of electrodes, 
wherein the organic layer comprises a compound having a fluoranthene 
skeleton structure substituted at least with an amine group or an alkenyl 
- group. 

It is preferable that the above compound is a compound selected 
from compounds represented by the following general formulae [1] to [181: 
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wherein to X^O each independently represents hydrogen atom, a linear^ 
branched or cyclic alkyl group having 1 to 20 carbon atoms, a linear, 
branched or cyclic alkoxy group having 1 to 20 carbon atoms, a substituted 
or unsubstituted aryl group having 6 to 30 carbon atoms, a substituted or 
imsubstituted aryloxy group having 6 to 30 carbon groups, a substituted or 
imsubstituted arylamino group having 6 to 30 carbon atoms, a substituted 
or unsubstituted alkylamino group having 1 to 30 carbon atoms, a 
substituted or imsubstituted arylalkylamino group having 7 to 30 carbon 
atoms or a substituted or unsubstituted alkenyl groups having 8 to 30 
carbon atoms; a pair of adjacent groups represented by X^ to X^O and a pair 
of adjacent substituents to groups represented by X^ to X^O may form a 
( cychc structure in combination; when a pair of adjacent substituents are 

aryl groups, the pair of substituents may be a single group; and at least 
one of substituents represented by X^ to X\ i representing a number of 12 
to 20, comprises an amine group or an alkenyl group; 
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whereiii Rl to R4 each independently represent an alkyl group having 1 to 
20 carbon atoms or a substituted or uijsubstituted aiyl group having 6 to 
30 carbon atoms; in one or both of a pair of groups represented by Rl and 
R2 and a pair of groups represented by R3 and R4 the groups fbrining the 
pair may be bonded through -O- or -S-; R5 to Rl6 represents hydrogen 
atom, a linear, branched or cyclic alkyl group having 1 to 20 carbon atoms, 
a linear, branched or cyclic aUcoxy group having 1 to 20 carbon atoms, a 
substituted or unsubstituted aryl group having 6 to 30 carbon atoms, a 
substituted or unsubstituted aryloxy group having 6 to 30 carbon groups, a 
substituted or unsubstituted aiylamino group having 6 to 30 carbon atoms, 
a substituted or unsubstituted alkylamino group having 1 to 30 carbon 
atoms, a substituted or unsubstituted arylalkylamino group having 7 to 30 
carbon atoms or a substituted or unsubstituted alkenyl groups having 8 to 
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30 carbon atoms; a pair of adjacent groups represented by to R^® and a 
pair of adjacent substituents to groups represented by R^ to R^^ may form 
a cyclic structure in combination; and at least one of substituents 
represented by R^ to R^^ comprises an amine group or an alkenyl group. 

The novel compound of the present invention is a compoxmd 
represented by any of the above general formulae [1] to [18]. 

RRTEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the ^H-NMR spectrum of an example of the novel 
compoimd of the present invention. 

Figure 2 shows the ^H-NMR spectnma of another example of the 
novel compoimd of the present invention. 

Figure 3 shows the IH-NMR spectrum of stiU another example of 
the novel compoimd of the present invention. 

THTC MOST PRTCFTCRRED EMBODIMENT TO CARRY OUT THE 

TNVEN TIQ N 

The organic electrolimiinescence device of the present invention 
( comprises an organic layer disposed between at least one pair of electrodes, 

wherein the organic layer comprises compounds having a fluoranthene 
skeleton structure substituted at least with an amine group or an alkenyl 
group. 

This compound is a novel compound and is represented by any of the 
above general formulae [1] to [18]. 

In general formulae [1] to [16], to X^O each independently 
represents hydrogen atom, a linear, branched or cyclic alkyl group having 
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1 to 20 carbon atoms, a liBear, branched or cyclic aUcoxy group having 1 to 
20 carbon atoms, a substituted or unsubstituted aryl group having 6 to 30 
carbon atoms, a substituted or unsubstituted aryloxy group having 6 to 30 
carbon groups, a substituted or unsubstituted aiylamino group having 6 to 
30 carbon atoms, a substituted or unsubstituted alkylamino group having 
1 to 30 carbon atoms, a substituted or unsubstituted arylalkylamino group 
having 7 to 30 carbon atoms or a substituted or unsubstituted alkenyl 
groups having 8 to 30 carbon atoms; a pair of adjacent groups represented 
by XI to X20 and a pair of adjacent substituente to groups represented by 
Xl to X20 may form a cyclic structure in combination; when a pair of 
adjacent substituents are aryl groups, the pair of substituente may be a 
single group; and at least one of substituents represented by Xi to X*, i 
representing a number of 12 to 20. comprises an amine group or an alkenyl 
group. That a pair of adjacent substituents may be a single group when 
the pair of adjacent substituente are aryl groups means that the adjacent 
bonds for the pair of substituente are bonded to the same single divalent 
aromatic ring group. 

In general formulae [17] and [18], Rl to R4 each independently 
represent an alkyl group having 1 to 20 carbon atoms or a substituted or 
unsubstituted aryl group having 6 to 30 carbon atoms; in one or both of a 
pair of groups represented by Rl and R2 and a pair of groups represented 
by R3 and R4, the groups forming the pair may be bonded through -O- or 
-S-; R5 to R16 represente hydrogen atom, a linear, branched or cyclic alkyl 
group having 1 to 20 carbon atoms, a linear, branched or cyclic alkoxy 
group having 1 to 20 carbon atoms, a substituted or unsubstituted aryl 
group having 6 to 30 carbon atoms, a substituted or unsubstituted aryloxy 
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group having 6 to 30 carbon groups, a substituted or unsubstituted 
arylamino group having 6 to 30 carbon atoms, a substituted or 
unsubstituted alkylamino group having 1 to 30 carbon atoms, a 
substituted or unsubstituted arylalkylamino group having 7 to 30 carbon 
atoms or a substituted or unsubstituted alkenyl groups having 8 to 30 
carbon atoms; a pair of adjacent groups represented by to R^^ and a 
pair of adjacent substituents to groups represented by R^ to R^^ may form 
a cyclic structure in combination; and at least one of substituents 
represented by R^ to R^^ comprises an amine group or an alkenyl group. 

Preferable compounds among the compounds represented by 
general formulae [1] to [18] are shown in the following. 

It is preferable that the fluoranthene skeleton structxure comprises 
at least 5 condensed rings and more preferably at least 6 condensed rings. 
By using the compoimds haying this structure, light having a longer wave 
length such as yellowish to reddish light can be emitted. 

It is preferable that the fluoranthene skeleton structure is 
substituted with an amino group. By using the compound- having this 
structure, a light emitting material having a longer life can be obtained. 

It is preferable that the amino group is a substituted or 
imsubstituted Euylamino group and more preferably a substituted or 
unsubstituted diarylamino group. By using the compound having this 
structure, a device showing a smaller decrease in the light emission at 
increased concentrations of the compotmd and exhibiting a high eflELciency 
can be obtained even when the above compound is added to the light 
emitting layer in a concentration as high as 2% or higher. 

It is preferable that the above compound has a symmetric structvure 
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having an axial symmetry or a symmetry with respect to plane. By using 
the compound having this structiu'e, durability of the device is improved 
and the quantimi efficiency of fluorescence is enhanced. 

It is preferable that the above compound has at least ten six- 
membered rings or five-membefed rings. The compound has a glass 
transition temperature of lOO^'C or higher due to this structure and heat 
stability of a layer composed of or comprising this compoxmd is improved. 
It is preferable that the above compound has an aryl group, a cyclic alkyl 
group, an aryloxy group, an arylthio group or an arylalkyl group each 
having 4 or more carbon atoms. Since these groups exhibit steric 
hindrance and the decrease in the hght emission at increased 
concentrations of the compound can be prevented. 

It is preferable that, in general formulae [17] and [18], R15 and R9 
each represent a group having a substiituent. When the compound 
represented by general formula [17] or [18] has this structure, the 
compound has an improved stabihty against oxidation and reduction and 
the life of the device can be extended. 

When the fluoranthene skeleton structure is substituted with two 
amino groups, two alkenyl groups or a combination of an amino group and 
an alkenyl group, the compound having this fluoranthene skeleton 
structure has isomers » 

Examples of the isomers are described in the case where the 
fluoranthene skeleton structure is 7,14-diphenylacenaphtho[l,2-k]. 
fluoranthene. 

Dibromo-substituted acenaphtho[l,2-k]fluoranthene has two 
isomers, i.e., 3, lO-dibromo-7, 14-diphenylacenaphtho[l,2-k]fluoranthene 
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(isomer A) and 3,ll-(iibromo-7,14-(iiphenylacenaphtho[l,2-k]fluoraiitlieiie 
(isomer B). 

The final product obtained from isomer A and isomer B as the 
intermediates contains an amino-substituted compound derived firom 
isomer A and an amino-substituted compound derived from isomer B. 
When the final product is prepared, the relative amounts of isomer A and 
isomer B contained in the final product is different depending on the 
process of the preparation. (1) The dibromo-substituted compounds may 
be obtained from a solution portion of a reaction mixture in which the 
dibromo-substituted compounds are dissolved. (2) The dibromo- 
substituted compounds may also be obtained from precipitates formed by 
recrystaUization from a solution which is obtained by dissolving the 
product obtained above from the solution portion of the reaction mixture. 
(3) The dibromo-substituted compounds may also be obtained' from the 
solution left after the above recrystaUization. By suitably selecting the 
process and the type of the solvent used for the treatment, the object 
compound containing various amounts, of isomer A and isomer B and, 
specifically, having a ratio of the amount by mole of isomer A to the 
amoimt in mole of isomer B in the range of 10:90 to 90:10, can be obtained. 

It is preferable that the error in the ratio of the amounts by mole of 
the isomers is: (i) isomer A : isomer B = x±10 : y±10 (x+y=100) and more 
preferably (ii) isomer A : isomer B = x±5 : y±5 (x+y=100). When the 
relation (i) is satisfied, the ratio of the amoimts of the isomers will be 
described as approximately constant and, when the relation (ii) is satisfied, 
the ratio of the amounts of the isomers will be described as constant, 
hereinafter. 
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When the above compound of the present invention has isomers, a 
plurality of isomers can be comprised in the organic layer. It is preferable 
that the device is prepared under the condition that the ratio of the 
amoimts of the isomers is kept approximately constant or constant. By 
preparing the device in this manner, the spectrum of the light emitted 
from the device can be kept the same. In other words, the color of the 
emitted light can be kept the same. Moreover, the color of the emitted 
light can be changed by changing the ratio of the amounts of the isomers. 
Naturally, the organic layer may comprise a single compound with 
exclusion of any other isomers. 

When a compound contains isomers as described above, one of the 
isomers can emit light having a longer wavelength than that of light 
emitted from other isomers. Therefore, light having a longer wavelength 
such red light can be emitted when the ratio of the amount by mole of the 
isomer which can emit light having a longer wavelength to the amount by 
mole of the isomer which can emit light having a shorter wavelength is 
preferably in the range of 90:10 to 60:40 and more preferably iii the range 
of99:l to 70:30. 

Taking advantage of the difference in the chemical shift in ^H-NMR 
between the isomers, the ratio of the amoxmts of the isomers can be 
calculated from the ratio of the areas of peak signals assigned to each 
isomer. 

It is preferable that the organic layer is at least one of a hole 
transportation layer and a hght emitting layer. 

A layer of an inorganic compound may be disposed between the 
organic layer and the electrode. 



14 



The organic EL device of the present invention emits reddish light. 

Examples of the compounds represented by general formulae [1] to 
[18] of the present invention include (A-1) to (A-18) and (B-1) to (B-17) 
which are shown in the following. However, the present invention is not 
limited to these compounds shown as the examples. In the formulae 
shown in the following, Me means methyl group and Et means ethyl group. 
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Since the compound used for the organic EL device of the present 
invention has the fluoranthene skeleton structure substituted with an 
amine group or an alkenyl group, the compound exhibits a high yield of 
fluorescence and emits reddish or yellowish light. Therefore, the organic 
EL device using this compound emits reddish to yellowish light, exhibits a 
high efficiency of light emission and has a long life. 

The organic EL device of the present invention is a device in which 
one or a plurality of organic thin films are disposed between ah anode and 
a cathode. When the device has a single organic layer, a light emitting 
layer is disposed between an anode and a cathode. The light emitting 
layer contains a light emitting material and may also contain a hole 
' injecting material to transport holes injected at the anode to the light 

emitting material or an electron injecting material to transport electrons 
injected at the cathode to the light emitting material. It is preferable that 
the light emitting layer is formed with a light emitting material having a 
very high quantum efficiency of fluorescence emission and excellent ability 
to transfer holes and electrons and a uniform thin film is formed. The 
organic EL device having a multi-layer structure has a laminate structure 
such as: (an anode / a hole injecting layer / a fight emitting layer / a 
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cathode), (an anode / a light emitting layer / an electron injecting layer / a 
cathode) and (an anode / a hole injecting layer / a light emitting layer / an 
electron injecting layer / a cathode). 

In the light emittii^ layer, where necessary, conventional light 
emitting materials, doping materials, hole injecting materials and electron 
injecting materials may be used in addition to the compoimd represented 
by any of general formulae [1] to [18] of the present invention. It is 
preferable that these compounds are added to any of the light emitting 
layer, the electron injecting layer, the hole transporting layer or the hole 
injecting layer in a concentration of 1 to 70% by weight and more 
preferably in a concentration of 1 to 20% by weight. In particular, it is 
preferable that the compound of the present invention is used as the 
doping material. 

Deterioration in the luminance and the life caused by quenching can 
ibe prevented by the multi-layer structure of the organic EL. Where 
necessary, Ught emitting materials, other doping materials, hole injecting 
materials and electron injecting materials may be used in combination. 
By using other doping materials, the luminance and the efficiency of Ught 
emission can be improved and red Hght and white Ught can be emitted. 
The hole injecting layer, the Ught emitting layer and the electron injecting 
layer may each have a multi-layer structiure having two or more layers. 
When the hole injecting layer has a multi-layer structxire, the layer into 
which holes are injected from the electrode is referred to as the hole 
injecting layer and the layer which receives holes from the hole injecting 
layer and transports holes from the hole injecting layer to the Ught 
emitting layer is referred to as the hole transporting layer. When the 
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electron injecting layer has a multi-layer structure, the layer into which 
electrons are injected from the electrode is referred to as the electron 
injecting layer and the layer which receives electrons from the electron 
injecting layer and transports electrons from the electron injecting layer to 
the Light emitting layer is referred to as the electron transporting layer. 
These layers are each selected and used in accordance with factors such as 
the energy level, heat resistance and adhesion with the organic layers or 
the metal electrodes of the material. 

Examples of the material which can be used in the organic layer as 
the light emitting material or the host material in combination with the 
compound represented by any of general formvdae [1] to [18] include 
anthracene, naphthalene, phenanthrene, pyrene, tetracene, coronene, 
chrysene, fluoresceine, perylene, phthaloperylene, naphthaloperylene, 
perynone, phthaloperynone, naphthaloperynone, diphenylbutadiene, 
tetraphenylbutadiene, coumarine, oxadiazole, aldazine, bisbenzoxazoUne, 
bisstyryl, pyrazine, cyclopentadiene, metal complexes of quinoline, metal 
complexes of aminoquinoUne, metal complexes of benzoquinolihe, imines, 
diphenylethylene, vinylanthracene, diaminocarbazole, pyrane, thiopyrane, 
pol3anethine, merocyanine, chelates of oxinoid compotmds with imidazoles, 
qidnacridone, rubrene, stilbene derivatives and fluorescent pigments. 
However, the above material is not limited to the compounds described 
above as the examples. 

As the hole injecting material, a compound which has the ability to 
transfer holes, exhibits an excellent effect of hole injection from the anode 
and an excellent effect of hole injection to the hght emitting layer or the 
light emitting material, prevents transfer of excited components formed in 
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the Ught emitting layer into the electron injecting layer or the electron 
injecting material and has excellent ability to form a thin film is preferable. 
Examples of the above compound include phthalocyanine derivatives, 
naphthalocyanine derivatives, porphyrin derivatives, oxazole, oxadiazole, 
triazole, imidazole, imidazolone, imdazplethione, pyrazoline, pyrazolone, 
tetrahydroimidazole,. oxazole, oxadiazole, hydrazone, acylhydrazone, 
polyarylalkanes, stilbene, butadiene, triphenylamines of the benzidine- 
type, triphenylamines of the styrylamine type, triphenylamines of the 
diamine type, derivatives of these compounds and macromolecular 
compounds such as polyvinylcarbazole. polysilane and conductive 
macromolecules. However, the above compound is not limited to the 
compounds described above as the examples. 

Among the hole injection materials which can be used in the organic 
EL device of the present invention, aromatic tertiary amine derivatives 
and phthalocyanine derivatives are more effective. 

Examples of the aromatic tertiary amine derivative include 
triphenylamine, tritolylamine, tolyldiphenylamine,' N,N'-diphenyl-N,N*^:(3. 
methylphenyl)-l,l'-biphenyl-4.4'-diamine, N,N,N',N'-(4-methylphenyl)- 
l,l'-phenyl-4,4'.diamine, N,N,N',N'-(4-methylphenyl)-l,l'-biphenyl-4,4'- 
diamine. N,N'-diphenyl.N,N'-dinaphthyl.l,l'-biphenyl-4,4'-diamine, N.N'- 
(methylphenyI)-N,N'-(4-n-butylphenyl)phenanthrene.9, 10-diamine, N,N- 
bis(4-di-4-tolylaminophenyl)-4-phenylcycIohexane and oUgomers and 
polymers having a skeleton structure of these aromatic tertiary amines. 
However, the aromatic tertiary amine derivative is not limited to the 
compotinds described above as the examples. 

Examples of the phthalocyanine (Pc) derivative include H2PC, CuPc, 
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CoPc, NiPc, ZaPc, PdPc, FePc, MnPc, ClAlPc, ClGaPc, CUnPc, ClSnPc, 
Cl2SiPc, (HO)AlPc, (HO)GaPc, VOPc, TiOPc, MoOPc, GaPc-O-GaPc and 

corresponding derivatives of naphthalocyanine. However, the derivatives 
of phthalocyanine and naphthalocyanine are not limited to the compounds 
described above as the examples. 

As the electron injecting material, a compound which has the ability 
to transport electrons, exhibits an excellent effect of electron injection from 
the cathode and an excellent effect of electron injection to the light 
emitting layer or the light emitting material, prevents transfer of excited 
components formed in the light enutting layer into the hole injecting layer 
and has excellent abiUty to form a thin film is preferable. Examples of 
the above compound include fluorenone, anthraquinodimethane, 
diphenoquinone, thiopyrane dioxide, oxazole, oxadiazole, triazole, 
imidazole, peryleneteteracarboxyUc acid, fluorenylidenemethane, 
anthraquinodimethane, anthrone and derivatives of these compounds. 
However, the above compound is not limited to the compounds described 
above as the examples. The charge injecting property can be improved by 
adding an electron accepting material to the hole injecting material or by 
adding an electron donating material to the electron injecting material. 

In the organic EL device of the present invention, more effective 
electron injecting materials are metal complex compoimds and five- 
membered derivatives containing nitrogen. 

Examples of the metal complex compound include 8-hydroxy- 
quinolinatolithium, bis(8-hydroxyquinolinato)zinc, bis(8-hydroxy- 
quinolinato)copper, bis(8-hydroxyquinolinato)manganese, tris(8-hydroxy- 
quinohnato)aluminum, tris(2-methyl-8-hydroxyquinolinato)aluminum, 
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tris(8-hydroxyquiiiilinato)gaUium, bis(10-hydroxybeiizo[h]quinolinato)- 
beryllium, bis(10-hydroxybenzoPi]quinolinato)zinc, bis(2-methyl-8- 
quinolinato)cMorogamum, bis(2-metbyl-8-quinoliiiato)(o-ca:esolato)gallium. 
bis(2-methyl-8-quinolinato)(l-naphtholato)aluminum and bis(2-methyl-8- 
quinolinato)(2-naphtholato)gamuin. However, the metal complex 
compound is not limited , to the compounds described above as the 
examples. 

Preferable examples of the five-membered derivative containing 
nitrogen include derivatives of oxazoles, thiazoles, thiadiazoles and 
triazoles. Specific examples include 2,5-bis(l-phenyl)-l,3,4-oxazole, 
dimethylPOPOP. 2,5-bi8(l-phenyl).l,3,4.thiazole, 2,5-bifi(l-phenyl)-l,3,4- 
oxadiazole, 2-(4'-tert-butylphenyl)-5-(4''-biphenyl)-l,3,4-oxadia2ole, 2,5- 
bis(l-naphihyl)-l,3,4.oxadiazole, l,4-bis[2-(5-phenyloxadiazolyl)]b'enzene, 
l,4-bis[2-(5-phenyloxadiazolyl)-4-tert-butylbenzene], ' 2-(4'-tert-butyl. 
phenyl)-5-(4"-biphenyl)-l,3,4-thiadiazole, 2,5-bis(l-iiaphthyl). 1,3,4- 

thiadiazole, l,4-bis[2-(5-phenylthiadiazolyl)]benzene, 2-(4'tert- 

butylphenyl)-5-(4"-biphenyl)-l,3,4.tria2»le. 2,5-bis(l-naphthyl)-l,3,4- 
triazole and l,4-bis[2-(5-phenyltriazotyl)]benzeiie. However, the five- 
membered derivative containing nitrogen is not limited to the compounds 
described above as the examples. 

In the organic EL device of the present invention, the organic layer 
may contain at least one of light emitting materials, doping materials, hole 
injecting materials and electron injecting materials in the same layer in 
addition to the compound represented by any of general formulae [1] to 
[18]. In order to improve stabihty of the organic EL device of the present 
invention with respect to the temperature, the humidity and the 
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atmosphere, a protecting layer may be formed on the surface of the device 
or the entire device may be protected with silicon oil or a resin. 

As the conductive material used for the anode of the organic EL 
device, a material having a work function of 4 eV or greater is suitable. 
Examples of such a material include carbon, aluminum, vanadium, iron, 
cobalt, nickel, tungsten, silver, gold, platinum, paUadiiun, alloys of these 
metals, metal oxides used for ITO substrates and NESA substrates such as 
tin oxide and indium oxide and organic conductive resins such as 
poljrthiophene and polypyrrol. As the conductive material used for the 
cathode, a material having a work function smaller than 4 eV is suitable. 
Examples of such a material include magnesium, calcium, tin, lead, 
titanium, yttrium, lithiiun, ruthenium, manganese, alimiinum and alloys 
of these metals. However, the materials used . for the anode and the 
cathode are not limited to the materials described above as the examples. 
Typical examples of the alloy include alloys, of magnesium and silver, 
alloys of magnesium and indium and alloys of lithium and aluminxim. 
However, the alloy is not Limited to these alloys described as the examples. 
The composition of the alloy is controlled by the temperature of the source 
1 of vapor deposition, the atmosphere and the degree of vacuum and can be 

adjusted suitably. The anode and the cathode may have a multi-layer 
structure having two or more layers, where necessary. 

In the organic EL device of the present invention, it is preferable 
that a layer of a chalcogenide, a metal halide or a metal oxide (this layer 
may occasionally be referred to as a surface layer) is disposed on the 
surface of at least one of the pair of electrodes prepared as described above. 
Specifically, it is preferable that a layer of a chalcogenide (including an 
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oxide) of a metal such as silicon and aluminum is disposed on the surface of 
the anode at the side of the layer of the light emitting mediiim and a layer 
of a metal halide or a metal oxide is disposed on the surface of the cathode 
at the side of the layer of the light emitting medium. Due to the above 
layers, stability in driving can be improved. 

Preferable examples of the chalcogenide include SiO^ (l^x^2), 
AlOx (1^x^1.5), SiON and SiAlOR Preferable examples of the metal 
halide include liF, MgFg, CaF2 and fluorides of rare earth metals. 
Preferable examples of the metal oxide include CS2O, Li20, MgO, SrO, 
BaOandCaO. 

In the organic EL device of the present invention, it is preferable 
that a mixed region of an electron transmitting compouiid and a reducing 
dopant or a mixed region of a hole transmitting compound and an oxidizing 
dopant is disposed on the surface of at least one of the pair of electrodes 
prepared as described above. Due to the mixed region disposed on the 
surface of the pair of electrodes, the electron transmitting compound is 
reduced to form an anion and injection and transportation of ' electrons 
from the mixed region into the Ught emitting medium can be facilitated. 
The hole transmitting compound is oxidized to form a cation and injection 
and transportation of holes from the mixed region into the light emitting 
medium is facilitated. Preferable examples of the oxidizing dopant 
include various types of Lewis acid and acceptor compounds. Preferable 
examples of the reducing dopant include alkali metals, compounds of alkali 
metals, alkaline earth metals, rare earth metals and compounds of these 
metals. 

In the organic EL device, to achieve efficient Ught emission, it is 
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preferable that at least one face of the device is svifficiently transparent in 
the wave length region of the emitted light. It is preferable that the 
substrate is also transparent. The transparent electrode is disposed in 
accordance with vapor deposition or sputtering using the above conductive 
material in a manner such that the prescribed transparency is surly 
obtained. It is preferable that the electrode disposed on the Ught emitting 
face has a transmittance of light of 10% or greater. The substrate is not 
particularly limited as long as the substrate has sufficient mechanical 
strength and strength at high temperatures and is transparent. Glass 
substrates or transparent films of resins may be used. Example of the 
transparent films of resins include films of polyethylene, ethylene- vinyl 
acetate copolymers, ethylene-vinyl . alcohol copolymers, polypropylene, 
polystyrene, polymethyl methacrylate, polyvinyl chloride, polyvinyl alcohol, 
polyvinyl butsnral, nylon, polyether. ether ketones, polsulfones, polyether 
sulfones, tetrafluoroethylene-perfluoroalkyl vinyl ether, copoljaners, 
polyvinyl fluoride, tetrafluoroethylene-ethylene copolymers, tetrafluoro- 
ethylene-hexafluoropropylene copolymers, polychlorotrifluoro-ethylene, 
polyvinylidene fluoride, polyesters, polycarbonates, polyurethanes, 
polyimides, polyether imides, polyimides and pol3T;>ropylene. 

Each layer of the organic EL device of the present invention can be 
formed suitably in accordance with a dry process of film formation such as 
vacuum vapor deposition, sputtering, plasma plating and ion plating or a 
wet process of film formation such as spin coating, dipping and flow 
coating. The thickness of the film is not particularly limited. However, 
it is necessary that the thickness be set at a suitable value. When the 
thickness is greater than the suitable value, a high voltage must be applied 
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to obtain a prescribed output of light and the efficiency decreases. When 
the thickness is smaller than the suitable value, pin holes are formed and a 
sufELcient luminance caimot be obtained even when the electric field is 
applied. In general, the suitable range of the thickness is 5 nm to 10 jun- 
A thickness in the range of 10 mn to 0.2 jxm is preferable. 

When the device is produced in accordance with a wet process, 
materials forming each layer are dissolved or dispersed in a suitable 
solvent such as ethanol, chloroform, tetrahydrofuran and dioxane and a 
film is formed fi-om the solution or the suspension. The solvent is not 
particularly limited. In any organic thin layer, suitable resins and 
additives may be used to improve the property to form a filTn and to 
prevent formation of pin holes. Examples of the resiii which can be used 
include insulating resins such as polystyrene, polycarbonates, polyarylates, 
polyesters, polyamides, poljourethanes, polysulfones, poljonethyl 
methacrylate, pbl3nnethyl acrylate and cellulose, copol3aners derived fi-om 
these resins, photoconductive resins such as poly-N-vinylcarbsLzolb and 
polysilane and conductive resins such as polythiophene and polyjijorol. 
Examples of the additive include antioxidants, ultraviolet light absorbents 
and plasticizers. 

As described above, when the compound of the present invention is 
used for the organic layer of the organic EL device, the organic EL device 
exhibiting an excellent purity of color and a high efficiency of light 
emission, having a long life and emitting red light can be obtained. 

The organic EL device of the present invention can be used for a 
planar light emitting member such as a flat panel display of wall 
televisions, a back light for copiers, printers and liquid crystal displays, a 
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light source of instruments, display panels and a marker light. 

The present invention will be described more specifically with 
reference to Synthesis Examples and Examples in the following. 

Synthesis Example 1 (Compound A- 1) 

3,10- and 3,ll-Bisdiphenylamino-7,14-diphenylacenaphtho[l,2-k3- 
fluoranthene was sjmthesized via the reaction route shown in the 
following: 





Q 



«8 



(3) acena^hOiyleiie 



O 



*Q rcfltixed 




acenapiitho-2,5-diphenyl* 
cyclopentadleaone 



refhxKed 
in xylenes 
24hrB 



acenaphtheae * 
quinone 




^DDQ : 2,3H£ctxloro-5,6-dicyaao 
, -1,4-beiizoquinone 



xylenes was 
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(7)' (A-1) 

MS 812 

MS 635 

* (1) (7) 

cf: Je£f D.Debad* Allen J. Bard J. Am. Chcm. Sa& voL120 2476 (1998). 



(A) Synthesis of 3,10- and 3,ll-dibromo-7,14-diphenyl- 
acenaphtho[l, 2-k]fluoranthenes 

In accordance with the J. B. AQen's process, 3,10- and 3,11- 
dibromo-7, 14-diphenylacenaphtho[l,2-k]fluoranthenes (7) were 
S3mthesized using acenaphthenequinone (1) as the starting material via 
7,14-diphenylacenaphth6[l,2-k]fluoranthene (6). The structures of 3,10- 
and 3, 1 l-dibromo-7, 14-diphenylacenaphtho[l,2-k]fluoranthenes were 
identified from FD-MS (the field desorption mass spectra) and the IH- 
NMR spectra. The chemical shifts in IR-NMR agreed with the measured 
values reported by AUen (J, D. Debad, A. I. Bard, J, Chem. Soc., Vol. 120, 
2476 (1998)). 

(B) Synthesis of 3,10- and 3,ll-diphenylamino-7,14-diphenyl- 
acenaphthofluoranthenes (Compound A-1) 

Into 150 ml of toluene, 3.56 g (5.6 mmole) of 3,10- and 3,11- 
dibromo-7,14-diphenylacenaphtho[l,2-k]fluoranthenes (7), 1.89 g (11.2 
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mmole) of diphenylamine, 0.06 g (0.3 mmole) of palladium acetate, 0.22 g 
(1.1 mmole) of tri-tert-butylphosphine and 1.51 g (14.0 mmole) of sodium 
tert-butoxide were dissolved at the room temperature and the reaction was 
allowed to proceed for 6 hours while the mixture was refluxed imder 
heating. The restdtant reaction mixture was filtered. The filtrate was 
concentrated and 4.8 g of a red orange powdery solid was obtained. After 
the solid was dissolved in toluene, the solution was fractionated in 
accordance with the colimin chromatography using a column packed with 
silica gel and 4,1 g of the main component was obtained. The main 
component was confirmed to be 3,10- and 3,ll-diphenylamino-7,14- 
diphenylacenaphthofluoranthenes (Compound A-1) from FD-MS (812) and 
the structure of Compound (7). Precipitates in the reaction mixtiure 
separated by the filtration was washed with acetone and water and dried 
and 0.6 g of a powdery solid was obtained. The obtained soUd was 
confirmed to have the same structure as that of the product obtained firom 
the filtrate from FD-MS (812) and the IH-NMR spectrum. 

Similarly, Compoxmd A-16 (Synthesis Example 2), Compound B- 15 
(Synthesis Example 3), Compoxmd A-8 (Synthesis Example 4), Compound 
B-18 (Synthesis Example 5) and Compound B-17 (Synthesis Example 6) 
which are compo\mds of 3,10- and 3,ll-diamino-7,14-diphenylacenaphtho- 
[l,2-k]fluoranthenes were synthesized via the reaction routes shown in the 
following: 
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Sjnithesis Example 2 (Compound A-16) 

The reaction was conducted in accordance with the same procedtires 
as those conducted in Synthesis Example 1 (B) except that 2.31 g (11.7 
mmole) of p,p'-ditolylamine was used in place of diphenylamine. After the 
reaction was completed, the reaction mixture was filtered. The filtrate 
was washed with water and concentrated and a red powdery solid was 
obtained. The obtained solid was firactionated in accordance with the 
column chromatography using a column packed with silica gel and 2.9 g of 
. the main component having a high purity was obtained. The main 
coiaponent was confirmed to be Compotmd A-16 from FD-MS (868). 

Synthesis Example 3 (Compound B-15) 

The reaction was conducted in accordance with the same procedures 
as those conducted in Synthesis Example 1 (B) except that 2.27 g (11.7 
mmole) of iminostilbene . was used in place of diphenylamine. After the 
reaction was completed, the product precipitated in the reaction mixture 
was separated, repeatedly washed with acetone and water and dried and 
3.4 g of a red orange powdery solid was obtained. The obtained soUd was 
dissolved in tetrahydrofuran and fi-actionated in accordance with the thin 
layer chromatography using a thin layer of silica gel and 2.3 g of the main 
component having a high purity was obtained. The main component was 
confirmed to be Compound B-15 from FD-MS (862). 

Synthesis Example 4 (Compound A-8) 

The reaction was conducted in accordance with the same procedures 
as those conducted in Synthesis Example 1 (B) except that 1.0 g (11.7 
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mmole) of piperidine was used in place of diphenylamine. After the 
reaction was completed, the reaction mixture was filtered. The filtrate 
was washed with water and concentrated and a red powdery solid was 
obtained. The obtained soHd was dissolved in toluene and fractionated in 
accordance with the column chromatography using a column packed with 
sUica gel and 2.1 g of the main component having a high purity was 
obtained. The main component was confirmed to be Compound A-8 from 
FD-MS (644). 

Synthesis Example 5 (Compound B-18) 

The reaction was conducted in accordance with the same procedures 
as those conducted in Sjmthesis Example 1 (B) except that 1.96 g (11.7 
mmole) of carbazole was used in place of diphenylamine. After the 
' reaction was completed, the product precipitated in the reaction mixture 
was separated, repeatedly washed with acetone and water and dried and 
3.8 g of a red orange powdery solid was obtained. The obtained solid was 
dissolved in tetrahydrbfiiran and fractioiiated in accordance with the thin 
layer chromatography using a thin layer of silica gel and 2.0 g of the main 
component having a high purity was obtained. The main component was 
confirmed to be Compound B-18 from FD-MS (808), 

Synthesis Example 6 (Compound B-17) 

The reaction was conducted in accordance with the same procedures 
as those conducted in Synthesis Example 1 (B) except that 2.33 g (11.7 
mmole) of phenothiazine was used in place of diphenylamine. After the 
reaction was completed, the reaction mixtiu-e was filtered. The filtrate 



48 



was washed with water, concentrated and dried and 4.2 g of a orange 
powdery solid was obtained. The obtained solid was dissolved in toluene 
and fractionated in accordance with the thin layer chromatography using a 
layer of silica gel and 2.6 g of the main component having a high purity 
was obtained. The main component was confirmed to be Compound B-17 
from FD-MS (872). 

Sjoithesis Example 7 (Compound A-4) 

Compound A-4 was ssntithesized via the reaction route shown in the 

foUowing: 
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In the synthesis of Compound (8), the reaction mixture was 
examined in accordance with the thin layer chromatography and the 
reaction was allowed to continue until the spot of Compoimd (6) 
disappeared. After the reaction was completed, the reaction mixture was 
washed with a O.lN aqueous solution of sodium hydroxide, concentrated 
and fractionated in accordance with the column chromatography using a 
column packed with silica gel and Compound (8) was obtained. 

The reaction was conducted in accordance with the same procedures 
as those conducted in Synthesis Example 1 (B) except that 3.12 g (5.6 
mmole) of Compound (8) was used in place of Compound (7) and 0.51 g 
(11.5 mmole) of piperidine was used in place of diphenylamine. The solid 
obtained by the reaction was dissolved in toluene and fractionated in 
accordance with the column chromatography using a column packed with 
silica gel and 2.2 g of Compound (9) having a high purity was obtained. 

Compound (9) in an amount of 5.61 g (10.0 mmole) was dissolved 
into 30 ml of dimethylformamide. To the obtained solution, 1.68 g (11.0 
mmole) of phosjphorus oxychloride was added and the mixture was 
refluxed under heating. After the reaction was completed, the reaction 
mixture was filtered and the filtrate was fractionated in accordance with 
the column chromatography using a column packed with silica gel and 4.0 
g of the main component having a high purity was obtained. The main 
component was confirmed to be Compound (10) from FD-MS (589). 

Compound (10) in an amount of 4.7 g (8.0 mmole) was reacted with 
0.7 g (10.6 mmole) of malonitrile. The reaction product precipitated in the 
reaction mixtiu-e was separated and dissolved in tetrahydrofuran. The 
obtained solution was fractionated in accordance with the thin layer 
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chromatography using a thin layer of silica gel and 3.6 g of red orange 
crystals having a high purity were obtained. The crystals were confirmed 
to be Compound A-4 from FD-MS (637). 

Sjnithesis Example 8 (Compound A-14) 

Compound A-14 was synthesized via the reaction route shown in the 
following (S. H. Tucker, J. Chem. Soc, 1462 (1958)): 




^ (4) 




triethylamine 



refluxed ^ . 
iniSHsOH ^ CQOOSs 
Shis ^j2> 



dimethyl* S-oxocydO' . 
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Seated at 125 C 
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Bi2 (4.1eqiJv.) 

refliixed in CHiCb 
Shxs 




(15) 



catalysts: 

tBuONz 
Fd(PAc)Z 

refitted 

in toluAoe 
Thrs 




4) 



'(l)-*-(14) cf.. S. a Tucker J, ChcniJ5oc l462 (1958) 

Synthesis Example 9 (Compound A-6) 

Compound A-6 was synthesized via the reaction route shown in the 
following: 




catalysts: cBii<»Ma 
Br P<l(QAc)2 

at40*b 
ia toluene 
IShis 




/C2H5 
>C2H5 



(A-6) 
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Synthesis Example 10 (Compound B-5) 

Compound B-5 was syntJiesized via the reaction route shown in the 
foUowing (Beil. 5(3) 2278): 




3,8-bis-duneUiyIpbenylaniino- 
fluoranthene 



(16) : cf. Bcil. 5(3) 2278 
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Synthesis Example 11 (Compound A- 12) 

Compound A- 12 was synthesized via the reaction route shown in the 
following: 




(A-12) 
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Synthesis Example 12 

A composition containing 3,10-bisdiplienylamino-7,14-diphenyl- 
acenaphtho[l,2-k]fluoranthene and 3,ll-bisdiphenylaniino-7,14-diphenyl- 
acenaphtho[l,2-k]jQuoranthene in a ratio of the amoimts by mole in the 
range of 20:80 to 30:70 was synthesized via the reaction route shown in the 
following: 




(mohr ratfa: 20/80-30/70) 



(A) Synthesis of a composition (18) containing 3,10- and 3,11- 
dibromo-7,14-diphenylacenaphtho[l,2-k]fluoranthenes in a ratio of the 
amounts by mole of 22:78 

The solution portion of the reaction mixture obtained in 
Sjmthesis Example 1 (A) was concentrated, dissolved in tetrahydrofuran 
and recrystallized and the formed precipitates were removed. The 
solution portion was concentrated and a dibromo compound was obtained. 
This dibromo compoimd was confirmed to be a composition containing 
3,10- and 3,ll-dibromo-7,14-diphenylacenaphtho[l,2-k]fluoranthenes in a 
ratio of the amounts by mole of 22:78 from the ^H-NMR spectrum, 

(B) Synthesis of a composition containing 3,10- and 3,11- 
bisdiphenylamino-7,14-diphenylacenaphtho[l,2-k]fluoranthenes in a ratio 
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by the amounts by mole in the range of 20:80 to 30:70 

Into 100 ml of toluene, 5.00 g (7.9 mmole) of the composition 
containing 3, 10- and 3,ll-dibromo-7,14-(iiphenylacenaphtho[l,2-k]. 
fluoranthenes in a ratio of the amounts by mole of 22:78 (18), 2.78 g (16.5 
mmole) of diphenylamine, 0.09 g (0.09 mmole) of palladium acetate, 0.44 g 
(2.2 mmole) of tri-tert-butylphosphine and 2.12 g (19.6 mmole) of sodi^lm 
tert-butoxide were dissolved and the reaction was allowed to proceed for 6 
hours while the mixture was refluxed under heating. After the reaction 
was completed, the reaction mixture was filtered. The filtrate was 
concentrated and firactionated in accordance with the column 
chromatography using a column packed with silica gel and 6.20 g of a red 
orange powdery solid was obtained. This solid was confirmed to be a 
composition containing 3,10-bisdiphenylamino-7,14-diphenylacenaphtho- 
[l,2-k]fluoranthene and 3,ll-bisdiphenylamino-7,14-diphenylacenaphtho- 
[l,2-k]fluoranthene in a ratio of the amoxmts by mole in the range of 20:80 
to 30:70 firom FD-MS (812) and the IH-NMR spectrum (H: 400 MHz; the 
solvent of the measurement: DMSO (120*C); shown in Figure 1). 

Synthesis Example 13 

5,12- and/or 5,13-Bisdiphenylamino-9,16-diphenylQuorantheno[8,9- 
ajaceanthrylenes were synthesized via the reaction route shown in the 
following: 
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Vs. 



tBuONa 
Pd(DAc)2 



(19) 



(A) Synthesis of 9,16-diphenylfluorantheno[8,9-a]aceaiithiylene (19) 

With reference to the Bandyopadhyai's process, 9,16- 
diphenylfluorantheno[8,9-a]aceanthrylene was synthesized by the reaction 
of l,3-diphenylcyclopentaIa]aceanthrylen-2-one and acenaphthylene using 
aceanthrylenequinone as the starting material [Indian J. Chem., Vol.. 2 IB, 
91(1982)]. 

(B) Synthesis of 5,12- and/or 5,13-dibromo-9,16-diphenyl- 
fluorantheno[8,9-a]aceanthrylene (20) 



diphenylfluorantheno[8,9-a]aceanthrylene (19) was dissolved. While the 
obtained mixture was refluxed under heating, 18.0 ml of a IM methylene 
chloride solution of bromine was added dropwise and the reaction was 
allowed to proceed for 2 hours. The resultant reaction mixture was 
washed with an aqueous solution of sodium hydroxide and pure water and 
concentrated and 5.06 g of a yellow brown powdery sohd was obtained. 
The solid was confirmed to be 5,12-dibromo-9,16-diphenyl- 
£luorantheno[8,9-a]aceanthrylene and/or 5,13-dibromo-9,16-diphenyl- 
fluorantheno[8,9-a]aceanthrylene from FD-MS (686) and the IR-NMR 



Into 240 ml of methylene chloride, 4.00 g (7.6 mmole) of 9,16- 
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spectriun. 

(C) S5aithesis of 5,12- and/or 5,13-bisdiphenylamino-9,16-diphenyl- 
fluorantlieno[8,9-a]aceanthrylene 

Into 200 ml of toluene, 5.00 g (7.4 mmole) of 5,12- and/or 
5,13-dibromo-9,16-diphenyl£luorantheno[8,9-a]aceantkrylene (20), 2.75 g 
(16.2 mmole) of diphenylaimine, 0.09 g (0.4 mmole) of palladium acetate, 
0.43 g (2.2 mmole) of tri-tert-butylphosphme and 2,05 g (20.6 mmole) of 
sodium tert-butoxide were dissolved and the reaction was allowed to 
proceed for 5 hours while the mirture was refluxed imder heating. After 
the reaction was completed, the reaction mixture was fQtered. The 
filtrate was concentrated and fractionated in accordance with the column 
chromatography using a column packed with silica gel and 4.27 g of a black 
purple powdery solid of the main component was obtained. The main 
component was confirmed to be 5,12- and/or 5,13-bisdiphenylamino-9,16- 
diphenymuorantheno[8,9-a]aceanthrylene from FD-MS (862) and the IH- 
NMR spectrum (H: 400 MHz; the solvent of the measurement: DMSO 
(120**C); shown in Figure 2). 

Ssnithesis Example 14 

3,11- and/or 3,12-Bisdiphenylamino-7,16-diphenylfluorantheno[8,9- 
kjfluoranthene was synthesized via the reaction route shown in the 
following: 
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(A) Synthesis of 2,5-diphenylfluorantheno[llM2*-3,4]furan (21) 

In accordance with the N. Campbell's process [J. Chem. Soc, 
1555 (1949)], 2,5-diphenylfluorantheno[llM2^3,4]furan (21) was 

: i ■ ■ 

synthesized by the reaction of 7,8-dimethylacenaphthene-7,8-diol which 
was synthesized in accordance with the S. H, Tucker's process [J. Chem. 
Soc, 1462 (1958)] and trans-l,2-dibenzoylethylene. 

(B) Synthesis of 7,16-diphenylfluorantheno[8,9-k]fluoranthene (22) 

Into a mixed solvent containing 500 ml of xylene and 660 ml 
of methylene chloride, 5.00 g (12.7 mmole) of 2,5-diphenylfluorantheno- 
[ll\12'-3,4]furan (21) and 3.86 g (19.0 mmole) of acenaphthylene were 
added and the mixtiure was refluxed under heating for 3 hours. The 
solution was cooled and 16.0 ml of a IM methylene chloride solution of 
BBr3 was added dropwise to the cooled, solution. The obtained solution 
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was heated at 60»C for 4 hours. The resultant reaction mixture was 
washed with an aqueous solution of sodium hydrogencarhonate and pure 
water, concentrated and purified in accordance ^th the column 
chromatography using a column packed with silica gel and 3.20 g of yellow 
crystals were obtained. The crystals were confirmed to be 7,16- 
diphenylfluorantheno[8,9-k]fluoranthene (22) from FD-MS (528) and the 
IH-NMR spectrum. 

(C) Synthesis of 3,11- and/or 3,12-dibromo-7,16-diphenyl. 
fluorantheno[8,9-k]fluoranthene (23) 

. Into 230 ml of methylene chloride, 2.30 g (4.3 mmole) of 7,16- 
diphenylfluorantheno[8,9-k]fluoranthene (22) was dissolved. While the 
obtained solution was refluxed under heating, 9.0 ml of a IM methylene 
chloride solution of bromine was added dropwise to the solution and then 
the reaction was allowed to proceed for 2 hours. The resultant reaction 
mixture was washed with an aqueous solution of sodium hydroxide and 
pure water and ..Concentrated and 3.06 g of a light yellow brown crystals 
were, obtained. The crystals were confirmed to be 3,11- and/or 3.12- 
dibromo-7,16-diphenylfluorantheno[8,9-k]fluoranthene (23) from FD-MS 
(686) and the IR-NMR spectrum. 

(D) Synthesis of 3,11- and/or 3,12-bisdiphenylamino-7,16- 
diphenylfluorantheno[8,9-k]fluoranthene 

Into 120 ml of toluene, 3.92 g (6.7 mmole) of 3,11- and/or 
3,12-dibromo-7,16-diphenylfluorimtheno[8,9-klfluoranthene (23), 2.03 g 
(12.0 mmole) of diphenylamine, 0.07 g (0.07 mmole) of palladium acetate, 
0.33 g (1,7 mmole) of tri-tert-butylphosphine and 1.56 g (14.4 mmole) of 
sodium tert-butoxide were dissolved and the reaction was allowed to 
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proceed for 6 hours while the mixture was refluxed under heating. After 
the reaction was completed, the reaction mixture was filtered. The 
filtrate was purified in accordance with the column chromatography using 
a column packed with silica gel and 4.27 g of a orange powdery crystals 
were obtained. The crystals were confirmed to be 3,11- and/or 3,12- 
bisdiphenylamino-7,16-diphenylfluorantheno[8,9-k]fluoranthene firom FD- 
MS (862) and the ^H-NMR spectrum (H: 400 MHz; the solvent of the 
measurement: DMSO (120**C); shown in Figure 3). 

Ssaithesis Example 15 

A composition containing 3,10-bisditolylamino-7,14-diphenyl- 
acenaphtho[l,2-k]fluoranthene and 3,ll-bisditolylamino-7,14-diphenyl- 
acenaphtho[l,2-k]fluoranthene in a ratio of the amounts by mole in the 
range of 80:20 to 90:10 was synthesized. 

(A) Synthesis of a composition (18) containing 3,10- and 3,11- 
dibromo-7,14-diphenylacenaphtho[l,2-k]fluoranthenes 

The solution portion of the reaction mixture obtained in 
Synthesis Example 1 (A) was. concentrated, dissolved entirely in 
tetrahydrofuran and recrystallized and the formed precipitates were 
removed. The solution portion was concentrated and a dibromo 
compound was obtained. This dibromo compound was confirmed to be a 
composition containing 3,10- and 3,ll-dibromo-7,14-diphenylacenaphtho- 
[l,2-k]fluoranthenes containing in a ratio of the amounts by mole in the 
range of 80:20 to 90:10 firom the ^H-NMR spectrum. 

(B) Synthesis of a composition containing 3,10- and 3,11- 
bisditolylamino-7,14-diphenylacenaphtho[l,2-k]fluoranthenes in a ratio of 
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the amounts by mole in the range of 80:20 to 90:10 

In accordance with the same procedvires as those conducted in 
Synthesis Example 12 (B) except that di-p,p-tolyIamine was used in place 
of diphenylamine, a composition (A-16) containing 3,10- and 3,11- 
bisditolylamino-7,14-diphenylacenaphtho[l,2-k]£luoranthenes in a ratio of 
the amounts by mole in the range of 80:20 to 90:10 was synthesized. 

Synthesis Example 16 

A composition containing 3,10-bisdiphenylamino-7.14-diphenyl- 
acenaphtho[l,2-k]fluoranthene and 3,ll.bisdiphenylamino-7,14-diphenyl- 
acenaphtho[l,2-k]fluoranthene in a ratio of the amounts by mole in the 
range of 80:20 to 90:10 was synthesized. 

(A) Synthesis of a composition (18) containing 3,10- and 3,11- 
dibromo-7,14-diphenylacenaphtho[l,2-k]£luoranthenes 

The composition containing the dibromo compounds was 
obtained in accordance with the same procedures as those conducted in 
Synthesis Example 15 (A). 

(B) Sjmthesis of a composition (A-1) containing 3,10- and 3,11- 

bisdiphenylamino-7,14-diphenyloacenaphtho[l,2-k]fluoranthenes in a 
ratio of the amounts by mole in the range of 80:20 to 90:10 

In accordance with the same procedures as those conducted in 
Synthesis Example 12 (B) using the composition obtained above in (A), a 
composition containing 3.10-bisdiphenylamino.7.14-diphenylacenaphtho- 
[1.2-k]fluoranthene and 3.11-bisdiphenylamino-7,14-diphenylacenaphtho- 
[1,2-klfluoranthene in a ratio of the amounts in mole in the range of 80:20 
to 90:10 was S3aithesized. 
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Example 1 

On a cleaned glass plate having an ITO electrode, the following 
compoxind (H232) as the hole injecting material was vapor deposited so 
that a film having a thickness of 60 mn was formed. 



Me 




(H 2 3 2 ) 

Then, the following compoxmd (NPD) as the hole transporting material 
was vapor deposited so that a fflin having a thickness of 20 nm was formed. 




(NPD) 



Subsequently, an aluminiun complex of 8-hydroxyquinoline (Alq) 
and 3,10- and 3,ll-diphenylamino-7,14-diphenylacenaphthofluoranthenes 
(Compound A-1) as the materials for the Hght emitting layer were vapor 
deposited so that a ^^rn containing 2.1% by mole of Compound A-1 and 
having a thickness of 50 nm was formed. The structure of Alq is shown in 
the following: 




(A 1 q) 
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An electron injecting layer was formed by vapor deposition of Alq alone so 
that the formed film had a thickness of 10 nm. A layer of an inorganic 
compoimd was formed on the electron injecting layer by vapor deposition of 
liF so that the formed film had a thickness of 0.2 nm. On the thus 
formed layer, aluminum was vapor deposited so that an electrode having a 
thickness of 170 nm was formed and an organic EL device was obtained. 
The vapor depositions for forming the above layers were conducted under 
10"^ Torr while the substrate was kept at the room temperature. 

. The light emitting property of this device was as follows: the 
luminance under appUcation of a direct current of 5.5 V: 103 cd/m^; the 
efficiency of light emission: as high as 6.2 cd/A. The emitted light was 
orange light having chromaticity coordinates of (0.56, 0.44). When the 
device was driven under a constant current at an initial luminance of 500 
cd/m2, the half-life was as long as 2600 hours. 

This exsunple shows that an organic EL device exhibiting a high 
performance can be obtained by using Compound A-1 as the doping 
material. The spectrum of the light emitted by the device was obtained 
and found to be the same as the fluorescence spectrum of the doping 
material. Thus, it is shown that the doping material worked as the center 
of light emission. 

Comparative Example 1 

An organic EL device was obtained in accordance with the same 
procedures as those conducted in Example 1 except that rubrene was vapor 
deposited in place of Compound A-1 so that a filni containing 4.0% by mole 
of rubrene was formed. 
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The light emitting property of this device was as follows: the 
luminance under application of a direct current, of 5.5 V: 105 cd/m^; the 
efficiency of light emission: 7.6 cd/A. However, the emitted light was 
yellow light having chromaticity coordinates of (0.50, 0.50). The half-life 
was 1000 hours when the device was driven under a constant current at an 
initial luminance of 500 cd/m^ and shorter than that of the device of 
Example 1. 

Comparative Example 2 

An organic EL device was obtained in accordance with the same 
procedures as those conducted in Example 1 except that fluorantheno[8,9- 
k]fluoranthene described in Japanese Patent Application Laid-Open No. 
Heisei ll(1999)-40360 was vapor deposited in place of Compound A-1 so 
that a film containing 2% by mole of this fluoranthene was formed. 

The Ught emitting property of this device was as follows: the 
luminance imder application of a direct current of 5.5 V: 35 cd/m^; the 
efficiency of light emission: 3.0 cd/A. The emitted hght was yellow green 
light. The half-life was as short as 300 hours when the device was driven 
under a constant current at an initial limiinance of 500 cd/m^. 

Comparative Example 3 

An organic EL device was obtained in accordance with the same 
procedxires as those conducted in Example 1 except that 7,14- 
diphenylacenaphtho[l,2-k]£luoranthene described in Japanese Patent 
Application Laid-Open No. Heisei 11(1999)- 168445 was vapor deposited in 
place of Compound A-1 so that a film containing 2% by mole of this 
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fluoranthene was formed. 

The light emitting property of this device was as follows: the 
luminance under application of a direct current of 6 V: 69 cd/m^; the 
e£GLciency of light emission: 1.3 cd/A. The emitted light was yellow green 
light. The efficiency was smaller than that of a device in which Alq alone 
was used as the light emitting material. The half-life was as short as 400 
hoiu-s when the device was driven imder a constant current at an initial 
luminance of 500 cd/m^. When the spectrum of the light emitted by the 
device was obtained, the spectrum did not agree with the fluorescence 
spectnun of the doping material. Thus, it was fotmd that the above 
compoimd did not emit light and the yellow green light was emitted from 
Alq. The doping material did not work as the light emitting material. 

Elxamples 2 to 11 J 

Organic EL devices were obtained in accordance with the same 
procedures as those conducted in Example 1 except that compounds shown 
in Table 1 were vapor deposited in place of Compound A-1. 

The light emitting properties of these devices were obtained in 
accordance with the same methods as those used in Example 1. The 
voltage applied in the measurements, the luminance, the efficiency of hght 
emission, the color of the emitted light and the half-life when the device 
was driven under a constant current at an initial luminance of 500 cd/m^ 
are shown in Table 1. 

Example 12 

An organic EL device was obtained in accordance with the same 
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procediires as those conducted in Example 1 except that the composition 
containing the prescribed relative amounts of the isomers which was 
obtained in Synthesis Example 12 (Compoxmd A-1) was used for the light 
emitting layer in a concentration of 100% and Alq was not used. 

The light emitting property of this device was as follows: the 
luminance under application of a direct current of 4.5 V: 80 cd/m^; the 
efficiency of light emission: 3.5 cd/A. The half-life was as long as 2100 
hours when the device was driven imder a constant current at an initial 
luminance of 500 cd/m^. The device had a longer life than that of the 
device of Example 1 and can be used also as the main light emitting 
material. 

Example 13 

An organic EL device was obtained in accordance with the same 
procedures as those conducted in Example 1 except that the composition 
containing the prescribed relative amounts of the isomers which was 
obtained in Synthesis Example 15 (Compound A-16) was used for the light 
emitting layer in place of Compound A-1. 

The Ught emitting property of this device was as follows: the 
luminance under application of a direct current of 5.5 V: 94 cd/m^; the 
efficiency of light emission: 5.94 cd/A. The emitted hght was reddish 
orange light having chromaticity coordinates of (0.60, 0.39). The half-life 
was as long as 3200 hours when the device was driven under a constant 
current at an initial luminance of 500 cd/m^. . 

Example 14 
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An organic EL device was obtained in accordance with the same 
procedures as those conducted in Example 1 except that the composition 
containing the prescribed relative amounts of the isomers which was 
obtained in Ssoithesis Example 16 (Compoimd A-1) was used for the light 
emitting layer in place of Compoimd A-1. 

The light emitting property of this device was as follows: the 
Ixmiinance under application of a direct current of 6 V: 100 cd/m^; the 
efficiency of light emission: 4.75 cd/A. The emitted light had chromaticity 
coordinates of (0.58, 0.42). The half-life was as long as 1800 hours when 
the device was driven under a constant current at an initial limiinance of 
500 cd/m2. The light having more reddish color than that of the light 
emitted in Example 1 could be emitted by using the above compound. 
This result was obtained because the composition contained a greater 
amount of the isomer 3,ll-bisdiphenylamino-7,14-diphenylacenaphtho[12- 
kjfluoranthene whiixh could emit light having a longer wavelength. 
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Table 1 



Compound Voltage Luminance 
(V) (od/m2) 



Efficiency Color of Half-life 

of light emitted 
emission light 

(cd/A) (hour) 



Example 2 


A-2 


5.5 


140 


5.7 


reddish 
orange 


2800 


Example 3 


A-8 


5.8 


120 


3.6 


orange 


2100 


Example 4 


A-14 


5.2 


120 


6.1 


red 


2700 


Example 5 


A-ie 


6.0 


170 


4.7 


reddish 
orange 


3100 


Exami>le 6 


B-3 


6.0 


160 


3.2 


reddish 
orange 


1900 


Example 7 


B-15 


5.5 


130 


2.8 


orange 


1800 


Example 8 


B-17 


5.8 


110 


" 2.0 


reddish 
orange 


1700 


Example 9 


B-IS 


6.1 


120 


2.8 


reddish 
orange 


2000 


Example 10 


A-4 


7.2 


110 


3.7 


red 


1000 


Example 11 


B.5 


6.0 


120 


6.7 


yellowish 
green 


1800 



INDUSTRIAL APPLICABILITY 

As described above in detail, the organic electroluminescence device 
of the present invention which utilizes the compound selected from the 
compounds represented by general formulae [1] to [18] emits yellowish to 
reddish light, exhibits an excellent purity of color and a high efficiency of 
light emission and has a long life. 

Therefore, the organic electroluminescence device of the present 
invention is advantageously, used as a light source such as a planar light 
emitting member of televisions and a back hght of displays. . 
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CLAIMS 

1. An organic electroluminescence device which comprises an organic 
layer disposed between at least one pair of electrodes, wherein the organic 
layer comprises a compound haying a fluoranthene skeleton structiire 
substituted at least with an amine group or an alkenyl group. 

2. An organic electrolvuninescence device according to Claim 1, wherein 
said compound is a compoxmd selected from compounds represented by the 
following general formulae [1] to [18]: 




C2] 
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Xi2 xii 




C4] 



X3 X4 X5 



Xl4 x'3 




C5] 



X9 X 10 



XlO x9 




C6] 



X5 X6 



Xl4 x»3 



xii x»o 




C7] 
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wherein to X20 each independently represents hydrogen atom, a linear, 
branched or cyclic alkyl group having 1 to 20 carbon atoms, a linear, 
branched or cyclic alkoxy group having 1 to 20 carbon atoms, a substituted 
or unsubstituted aiyl group having 6 to 30 carbon atoms, a substituted or 
unsubstituted aryloxy group having 6 to 30 carbon groups, a substituted or 
unsubstituted aiylamino group having 6 to 30 carbon atoms, a substituted 
or unsubstituted alkylamino group having 1 to 30 carbon atoms, a 
substituted or unsubstituted aiylaliylamino group having 7 to 30 carbon 
atoms or a substituted or luisubstituted alkenyl groups having 8 to 30 
carbon atoms; a pair of adjacent groups represented by Xi to X20 and a pair 
of adjacent substituents to groves represented by Xi to X20 may form a 
cyclic structure in combination; when a pair of adjacent substituents are 
aryl groups, the pair of substituents may be a single group; and at least 
one of substituents represented by XI to X^ i representing a number of 12 
to 20, comprises an amine group or an alkenyl group; 




C 1 7 ] 
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wherein to each independently represent an alkyl group having 1 to 
20 carbon atoms or a substituted or unsubstituted aryl group having 6 to 
30 carbon atoms; in one or both of a pair of groups represented by Rl and 
R2 and a pair of groups represented by R^ and R4, the groups forming the 
pair may be bonded through -O- or -S-; R^ to R^^ represents hydrogen 
atom, a Unear, branched or cyclic alkyl group having 1 to 20 carbon atoms, 
a linear, branched or cycUc alkoxy group having 1 to 20 carbon atoms, a 
substituted or unsubstituted aryl group having 6 to 30 carbon atoms, a 
substituted or imsubstituted aryloxy group having 6 to 30 carbon groups, a 
substituted or unsubstituted arylamino group having 6 to 30 carbon atoms, 
a substituted or unsubstituted alkylamino group having 1 to 30 carbon 
atoms, a substituted or unsubstituted arylalkylamino group having 7 to 30 
carbon atoms or a substituted or unsubstituted alkenyl groups having 8 to 
30 carbon atoms; a pair of adjacent groups represented by R^ to R^® and a 
pair of adjacent substituents to groups represented by R^ to R^® may form 
a cyclic structure in combination; and at least one of substituents 
represented by R^ to R^^ comprises an amine group or an alkenyl group. 

3. An organic electroluminescence device according to any of Claims 1 
and 2, whereia the organic layer is at least one of a hole transporting layer 
and a light emitting layer. 

4. An organic electroluminescence device according to Claim 1, wherein 
the organic layer comprises 1 to 70% by weight of said compound which is 
selected from compounds represented by general formulae [1] to [18]. 
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5. An organic electroluminescence device according to any of Claims 1 to 

4, wherein a layer of an inorganic compound is disposed between the 
organic layer and the electrode. 

6. An organic electroluminescence device according to any of Claims 1 to 

5, which emits reddish hght. 

7. An organic electroluminescence device according to Claim 1, wherein 
the organic layer comprises said compound and isomers thereof. 

8. An organic electroluminescence device according to Claim 7, wherein, 
among said compound and the isomers thereof, a ratio of an amount by 
mole of an isomer which can emit Ught having a longer wavelength to an 
amount by mole of an isomer which can emit light having a shorter wave is 
in a range of 90:10 to 60:40. 

9. An organic electroluminescence device according to Claim' 7, wherein, 
among said compoimd and the isomers thereof, a ratio of an amount by 
mole of an isomer represented by general formula [17] to an amount by 
mole of an isomer represented by general formula [18] is in a range of 
90:10 to 60:40. 

10. A novel compound represented by any of the following general 
formulae [1] to [18]: 
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x.i I I x8 




c 1 3 



X'7 X»< X»3 

\ / X'5 \ / X12 




X7 X8 



Xio 



C2] 




C33 



Xl3 X»2 X" 




X6 X7 X8 



C43 




C5] 
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xii x»o 




C8] 



C9] 
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Xl4 x'3 




C12] 
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wherein to X20 each independently represents hydrogen atom, a linear, 
branched or cyclic alkyl group having 1 to 20 carbon atoms, a linear, 
branched or cyclic alkoxy group having 1 to 20 carbon atoms, a substituted 
or unsubstituted aryl group having 6 to 30 carbon atoms, a substituted or 
unsubstituted aryloxy group having 6 to 30 carbon groups, a substituted or 
unsubstituted arylamino group having 6 to 30 carbon atoms, a substituted 
or unsubstituted alkylamino group having 1 to 30 carbon atoms, a 
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substituted or unsubstituted arylalkylamino group having 7 to 30 carbon 
atoms or a substituted or unsubstituted alkenyl groups having 8 to 30 
carbon atoms; a pair of adjacent groups represented by to X^^ and a pair 
of adjacent substituents to groups represented by X^ to X^O may form a 
cyclic structure in combination; when a pair of adjacent substituents are 
aryl groups, the pair of substituents may be a single group; and at least 
one of substituents represented by X^ to X^, i representing a number of 12 
to 20, comprises an amine group or an alkenyl group; 




[17] 




C 1 83 



wherein to each independently represent an alkyl group having 1 to 
20 carbon atoms or a substituted or unsubstituted aryl group having 6 to 
30 carbon atoms; in one or both of a pair of groups represented by R^ and 
R2 and a pair of groups represented by R^ and R^, the groups forming the 
pair may be bonded through -O- or -S-; R^ to R^^ represents hydrogen 
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atom, a linear, branched or cycUc alkyl group having 1 to 20 carbon atoms, 
a linear, branched or cycUc alkoxy group having 1 to 20 carbon atoms, a 
substituted or unsubstituted aiyl group having 6 to 30 carbon atoms, a 
substituted or unsubstituted aryloxy group having 6 to 30 carbon groups, a 
substituted or unsubstituted arylamino group having 6 to 30 caibon atoms, 
a substituted or unsubstituted alkylamino group having 1 to 30 carbon 
atoms, a substituted or unsubstituted arylalkylamino group having 7 to 30 
carbon atoms or a substituted or unsubstituted alkenyl groups having 8 to 
30 carbon atoms; a pair of adjacent groups represented by R5 to R16 and a 
pair of adjacent substituents to groups represented by R6 to Rl6 may form 
a cycUc structure in combination; and at least one of substituents 
represented by R5 to Rl6 comprises an amine group or an alkenyl group. 
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ABSTRACT 



An organic electroluminescence device which exhibits an excellent 
purity of color and a high efficiency of light emission, has a long life and 
emits reddish light and a novel compound haviag these characteristics are 
provided. 

The organic electroluminescence device comprises an organic layer 
disposed between at least one pair of electrodes, wherein the organic layer 
comprises a compound having a fluoranthene skeleton structure 
substituted at least with an amine group or an alkenyl group. 
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if8~3 ocoT;i.y^;i.ST'*o. mmr^mmmRifx' -x'^m-^Lrm 

-T'*>-cTt<fcl^o tztzL^ #it4^c^S^SX' ~X' ( i = 1 2-2 0) CD{J.^ 



8 



wo 01/23497 



PCT/JP00/06ti58 



-fSt^ [ 1 7] ~ C 1 83 R' ti. "tMnn^Llz^ ^Mm^^ 
1-20 (7)7;u+;uS. mmt t < t±MM1^(^J^^I^?IS[ 6 ~ 3 0 
-efeO. R' tn^ Rzf/yntR' tR* (i. j^^-j^^lS-a-J^-Ci-O- -S 

1 ~ 3 0 t^T;U+;UT ^ y ggit) L < tiMBSlO^^J^?^ 7 ~ 3 o 
©T a-/U7;u+7U.T A ySXliSSIt L < liMSSI^^^Hi^lS 8 ~ 3 0 (D7)U 

c:::r% ±iS-|9:5EC C 13 ~ C 1 8] ro<t•^{3i^v^T^f ^ Lt^-ft^i^^i^^T 
<. $ ^1::$?* L<{±i?T U-;wT$ y5T-^>s„ zcDX^tiit-^m^m^^^:! 

^(^cfco. H^)ie'^l:'g'^l^$'^3t®t^^(3 2S*%J^±(7)igl^^iJgT♦^iDLT4,. iijg 



9 



wo 01/23497 PCT/JPOO/06658 

-mtl-r^ ^y)i^=^>^>^mK 7. 1 4 -':;7i^;uT-k:h7 h [l 
. 2 -k] 7;^^7>x>©li-^^3o^,^rm-r'So 

T-lr:h7h [1, 2-k] 7;b;^7>x>CDv'7*n^r^l±, 3. 10--:^7'n 
^-7. 1 4 -v7i^;UT-irf-7 h [ 1 . 2 - k ] 7 ;U:t 7 >7^ > (A#:) <h 
3. ll-v7'D^-7. 1 4 -v7^^;UT-fe^7 h [ 1 . 2-k]7;i.;e-7 

!^J^^>^-ra^i^^m^tK (3) (2) ©Sige^B^®^>^J:OvrDt#:^ 

1 0 



wo 01/23497 



PCT/JPOO/066S8 



m^^^^M9'tm9i-t^Ztl,zi:'0. A#: BW= 1 0 : 9 0 ~ 9 0 : 1 0 

ttz^ m^tiLO)WM(ommt<^ OAW: B^*:=x± 1 0 : y± 1 0 (x+y 
= 10 0) X^^zt^mtL<^ t#(3$f ^ L < (i® A# : B^!^=x± 5 : y± 
5 (x + y=IOO)T'S)'&o ZiD^^t^QcDm-^. m^Witit><m^—^. (Z)<D 

m^WJt^m^-^ z.- t[z^*) . ^7te#L=g-^A ;i-tA>*-e t ^/cv- -M-tt 

^mW.^'^^^Lo ^^i^Wt(D^)l^itti\ 90: 10-60:40 T-^O.^ 
t>(z:$fi L< l± 9 9:1 - 7 0:3 0 tT^Z tizJaio . J:OS^:gw||^, m 

i^jiTiz^ :$-mmo-m^ c n - c 1 8 ) oit-^cDRmm (a- i ) - (a 
- 1 8) w (B - 1) - (B - 1 7) ^m7j<i-^t\ :^mmtzcDimm{zm 

1 1 



wo 01/23497 



PCT/JPOO/06658 





wo 01/23497 



PCT/JPOQ/06658 



(A- 



(A 



(A 




I 3 



wo 01/23497 
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(A-6) 



(A-7) 




wo 01/23497 



PCT/JPOO/06658 



(A-8) 



(A- 9) 



(A-10) 




wo 01/23497 



PCT/JP00/066S8 



(A 




1 6 




(A-14) 



(A-15) 




1 7 



wo 01/23497 



PCT/JPO0/O66S8 



(A-16) 



(A-17) 



(A-18) 




wo 01/23497 



PCT/JPOO/06658 



Me 




OMe 

1 9 



wo 01/23497 



PCT/JPOO/06658 



OE t 



(A- 2 1 ) 




OE t 



COOMe 



(A- 2 2) 




COOMe 



wo 01/23497 
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(A-2 3) 



(A-2 4) 




wo 01/23497 
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Me 



wo 01/23497 
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(A-2 7) 



(A-2 8) 




2 3 



wo 01/23497 
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2 5 



wo 01/23497 
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(B-7) 



(B-8) 



(B-9) 



(B-10) 



(B-U) 




2 6 



(B-16) 




(B-17) 



(B-18) 




wo 01/23497 
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(B-19) 




xmm) (o^mmmxmmLtzi,(D7b^^;ho 
^^mizit^ 'Z^mizmi^x^ :^^B^(D-m^ c n ~ c i (Dit^miztu^ 

^hmtL<ii^ its 1-2 omm%X'$>t). ^ttz^^B^oD-ft-^ti^ k- 

3 0 



wo 01/23497 
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iETi^ixmmtLxit. iEji^mm-t^mti^nt>. (^^^^-^wjETLviA^m 



wo 01/23497 
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-So 

. h y;l/v'7aL^;l.T5 N, N' -v7a.^;i,-N, N* - (3-y^;i,7 
-1. r -ti*7 3L^;l.-4. 4' -vT^>. N. N. N' . N' - 

(4 -P<9'>'U7i^;U) -1. 1' _7^-;U_4^ 4' 

N' . N' - (4 -^^;l.7i^;u) - l. r -tf7^::^;l.- 4 . 4' -vt 
5>> N. N' -v7i-;u-N. N* -Vir-y^)V- \ , \' -t'7i^;u- 
4. 4' -v?T5>. N. N' - (>t^;U7::.^;U) -N. N' - (4-n-7' 
^;L'7i^;u) -7if->hU>-9. 1 0-v7=>^ N. N-t'x (4-v 
-4 - h ';;UT^ y7i-;b) - 4 -7:c^;u-vi7a^+-9->^^ ^)L<{ic: 

7^avT-> (Pc) mm$-<DMm\li. H, Pc. CuPc. CoPc. 
NiPc. ZnPc. PdPc. FePc. MnPc. ClAIPc. ClGa 
Pc. C 1 I nPc. C 1 SnPc> C 1 2 S i Pc. (HO)AlPc. (H 
0) GaPc. VOPc. TiOPc. MoOPc. GaPc-0-GaPcl| 

3 2 



wo 01/23497 



PCT/JPO0/O66S8 



m^aAWi:bT(±. «?«-iiiii-^t&;^?r}ft.. mmt^i^(Dm^fixt^m 

^Mfl#<l:^tl<^A#««Jli. 8-tKa+v/4^Ut— hy^7A. l^X (8 
-t Ka + ^^^yU:^-h) l^;^ ( 8 - b Ka + i/^- y; h ) t* 

( 8 - t K D + V + 7 U - h ) v>#>. hUX ( 8 - b K o + i/ + 7 'j f 

= ^r:7A. hUX (8-t KD + v+y U^^-h) #U7A> fx ( 1 0-t K 
D+i/^>y [h] U-^-- h) '<U U7A, bx ( 1 0 -t b'a^i/^y^/ 
[h] Vi—V) ffilO. b'x ( 2 -;^^;U-8 U^- ^7nn:tfi; 

bX (2-^^;1--8-+/Ut>— h) (o-:?uy7-h) ifU-^/A. 
fx (2-^^;U-8-+>' U:^-h) (1— f7h7-h) 771-^-7 A. ti* 
X (2-y^;^-8-4^>'U:^-^) (2-:^7^7-h) ^'i; 7A^A<^tf 

3 3 



wo "'23497 PCT/JP00/066S8 

5-tf7. (1 -7a.:^;b) - 1 . 3. 4 2 . ( 1 -7 

~Jl)-\. 3. 4 -4-+-9-v;Ty-;K 2- (4' - t e r t-7'^;U7^^ 
/I.) -5-( 4" -lf7^^;l.) 1. 3. 4-;d-^-9-i;Ty-;K 2. 5-t*x 

( 1 -±75^;U) - 1 . 3. 4 -;^-+-9-v?Ty-;K !. 4-kx[2-(5- 
7^^;U:^+-9-vTy';;U) ] -<>-lf>, 1. 4-t';?> [2-( 5-7^^/1.;^ 
4^-^vTyU;U) -4 - t e r t -y'^)\.^>-{fy] , 2-(4' - tert- 
y^;U7^^;u) -5-( 4" -\fy^=.ju) -1.3, 4 -^7 
2. (l-f-7^;u) -1. 3. 4-^TvTy-;K 1. 4-lfx[ 

2-( 5-7^^;b^TvTy';;i.) ] -<>-b*>, 2- (4' - tert-r^ 
;i,7^^;i.) -5-( 4" -If7^^;l,) -1. 3 . 4 - h U Ty-;K 2 . 5 
-fx (1— ^75^;l.) -1.3. 4-h'J7y-;K 1. 4-tfx [2-( 5 
-7:c:r.;i.hgTy'J;u) ] ^>^ymmifi^n^ib\ ^LtLi^lzm^^n^t 

WaEL*^0|l@(3^ffl$n-&i]|«m^*4<i:LT{i. 4 e V J; 0 ;^ ^ J^jft* 



3 4 



wo 01/23497 
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md.i^}\^^f-i-^'^^\^X\±^m7^\.tS\Q->i (lSX^2).A10x (1 
^X^l. 5). Si ON. S i A 1 ONntt'W* L<#lf t.n. Moyv-fb 
^giLTti. ^!lx.tfL iF. MgF2 . CaFz . 7 <y'ft#±«^Mni: ^**^$f 
^L<#(f«^>n. miiS^Jl^{b!^<t LTti. ^!l;tCfC S2 0. Lia 0. MgO 
. SrO> BaO. C a 0 ^'^Wt K Wt>n'l.o 

j:-9t3-r>i,::t(3j;0, m^=^eM^b^ti*^ii7c $ n. t > t ^ic O 



PCT/JPOO/06658 

um^m&:bm^n^\,\ mno^mm^i 5 nm^^^b 1 0 um(DmmtmLx\,^^ 

lOnm^^bO. 2 um(D^Mt^^ ^izitftLi^^ 



3 6 
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V 
.(1) 

acenaphtfaenfi 
(juxnone 



(2) 



rcfluzed 

i&etbanolic 

KOH 




(2) 

acenapiitho-2y5-dj^lienyl- 
^dopentadiesone 



^ P) accD^hlhylcnc 

reflujced 
in xylenes 
24hr6 



2 (2): l^-diphenylacettMie ; 



=4 



DDQ 



DDQ : 2,3-dicfalQrD-5,6-dicyano 
-l,4-beiizoqui2iQoe 



xylenes was 
removed 



reflnxed 

inCH2Cl2 

Ihr 




MS 478 
7,14-cBidienyIaetaiaplitho 




(A-1) 



MS 812 

M£ 635 

* (1) — ^ (7) 

c£. Jeff O. Debad. AUen J. Bard J. Aoi. Cbcm. Soc. voL120 2476 (199S). 

(A) 3. 10-:&(>'3. li-i;7*a^-7. 1 4 - v7 □L^;i.7 4r:h7 h - 
[1. 2-k] 7;ix;fv>7^>cr»-^^ 

J. B. A 1 I e n(Dl5m{Z^^^ T-^V-Tl^y^ J y ( 1 ) ^^^WMt 
7. 14 -v7i:^;l.T-tr-f7 h - [ 1 . 2 - k] 7;U;^-7>-r> (6) ^ 

3 8 



wo 01/23497 PCT/JPOO/066S8 

mr^ 3. lO-RXfZ, 1 1 -v-:^n=&-7. \ i-V•7sc=.)lT■^i-yV- 
[ 1 , 2-k] 7;u^7>x> (7) ^r^^tf^o 3. 1 I 1 -v 
-y^z^-T^ 1 4 -i:;7i-;bT-tr^7 h- [1. 2-k] 7;L':^v>x> (7 
) (J^-fb^jSii. FD-MS (7^-;uKt-W7-v3 >vx;z,'<^ h;u) :S: 

■H-NMRX'^.^ h;H3j:0|5|^bfc„ 'H-NMRT.^i? h;H^'!r^ 
-> 7 h (i A 1 1 en (DM^B t — SJt VtZo ( J. D. Debad, A. I . Bard J. Chem. Soc. vo 
1. 120 2476 (1998) #M) 

(B) 3. 10-;&i;3. 1 1 -v7a.^;l.7S y-7. 14-v7^^;UT-fe 
:^7 b -7;U:^7 >x> Ut-^^A - \ ) (D^^^ 

3. \0-RXfZ, ll-vT-a^-?. 1 4 -i^7a.^;UT-lr:^7 C 1 
. 2^k] 7;b^7>7^> ( 7): 3. 5-6^^7^ (5. 6 mm o. I ) > _>?7 ^ 
^;UT^> 1. 8 9^7*7/^(11. 2 mmo 1 ) . Bt®^^"7 A 0. 0 6 
^7-7^(0. 3mmol). b U - ^'-v^ U -7'^;l^J^X7 > 0. 2 2^ 
vA(l. \mmo \) . 'Ji^'y^^-^-'y'^'}-'^^^^^ ^' 1. 5 1i/7 
A ( 1 4 . 0 mm o 1 ) h ^1-^ > 1 5 0 ^ U U «y h MzM^X-mt^ 6 ^ 

a-7h::7*7A(::J:*)^S'Jl^. l^vl^^mtz. FD-MS (8 12) 

Rzfit^m (7) (^mmJ^'o. 10-W3. 1 1 -v7:«.^;i.T^y-7 

1 4 - v7i::^;l/T-fe-:^7 h-7;U^v>x> ({t-B-tlA- 1 ) X-$>^Zt^ 

mvo. Q^'7i^(Dm^^mw^ntzo fd-ms (s 1 2) :&t>* 'h-nmr 

iHi^iiz. 3. 10-W3, ii-vT^y-7. 1 4 --:^7^:=-;i.T-fe^7 

2 -k] 7iP;^7>x>^T«fe'i.> {t-^tlA- 1 6 (-g-fiK^iJ 2 ) . 
■^tlB-l 5 (^^«?'J3) . <t#t)A-8 i^mU) . -fb^ii^B-l 8 (^^ 

3 9 



wo 01/23497 
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CO 



catalysts: 

IBlOhb 
Pd(QAi03 

intolaene 




(B-1 7) 



^»J2 Ut-^mA- 16) 

•^^^Jl (B) {3*JtNT. i^y^~)UTl>(Ditt>*)lZ^ p. p' 
T5> 2. 3 1 (11. 7mmol) ?:ffll^fci^(^t±l5);^{z LTR^E^ 

^ML. ig^iyrroi^^^-Z. 9r7A^?#fc. FD-MS ( 8 6 8 ) 
- 1 6T-*)^i«i^L/c:c 



4 0 



wo 01/23497 



PCT/JPOO/06658 



^^m^ an^tiB- 15) 

2. 2 7^*7i- (11. 7mmo 1) ^m^^tzi^xnumm^zLxKm^-^tzo K 

lz^.^ji^mi^.MUm(0^f^^2. Z^TvI^tntz. FD-MS ( 8 6 2 ) 

^mmi ({b^i^A-8) 

-^)^^<Ji (B) izis\,^x^ vy:>.=.)\^ri><DRiD^iz^ tr-^ i. o 

^7*7 A (11. Tmino I) ^ffl V^fcJa^^Hi|s]m(- UT;Kf5$-B:Ai„ R.m^^ 

. mm.mo)^^^2. l i/7A«:?§fc:o FD-MS (6 4 4 ) <fcO. 'ft^Jl^lA- 

-^^^15 iit^mB- 1 8) 

-^»J1 (B) {3^>v^T. v^7 3.-;UTS >rof^cbOl3. :^3;u/-^y-;i. l. 
9 6 i/vA (1 1 . 7mmo 1 ) ^m^^tzmUimmizLXKHB^-^tz. 

mMl^fz'^^ ^^^^ 3. 8/7^(^#11feM^4^@#^^#^-o :icZ)@#(D 

lSIEJtC[)^^^2. or7A$-#/Co FD-MS ( 8 0 8 ) <t «3 . -ft 

^mu «b^!^B- 1 7) 

•^IS^JI (B) ^Ii3t^T. v7i:^;l^T5 >a)f^bO(-x 7i7^Tv> 2 
3 3 ( 1 1 . 7mmo 1 ) ^m^^tzi^M^inWzLXRlc^^-^fZo KB 

4 1 



wo 01/23497 
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O^SXL. i^^CDi^^2. 6 /vA$r|i/i„ FD-MS ( 8 7 2 ) J: 0 . -ft 
-a-!i^B- 1 7T-*.^i:ii^Lfc. 
#J§e.MI 7 ({b-^^l A - 4 ) 



(6) Yi}<m^t^tX^Rm^'itt;io Kmm^ 0 , 1 N-NbOHtK^ 

-^fig^Sl (B) l^iJt^T, (7) (D^-t^D0t3 (8) ^3. 12^7*7^(5. 6 
mm o 1 ) . V 7 i -;UT 5 XORt) 0 13, f'^ U v > 0 . 5 1 7 A ( 1 1 






4 2 



wo 01/23497 
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it^m (9) 2^7A^#/■Cc 

{k-a-tl (9) 5.6 1 (10. Ommo 1) ^r. v^^;U;^;UAT^ 

K 3 0 i U U 'y b-'Util^J&^t.^+v^^b'j > 1. 6 8^?*^^ (11. 0 m 
mo 1) ^JdP^-r. JP^M^LfCo ^m^. iyVt¥)\^t%mLtzi3 7l^^a^ 

^^^y^-izx^^mL^mm.mo:>^^^A. o^^i^^mtz. fd-ms c 

5 8 9 ) J: 0 . {t-a-tl (1 0 ) T-fe^ iiBHSL/Co 

( 1 0 ) 4. 7^^v/.(8. Ommo 1 ) -7ay:^h-;l. 
0. 7;/7A (1 0. 6mmo 1) t^^^-^tzo KUBl^^l^^ihhfz^^ 

(:iJ:0 5^SJLT. ig$iEJtT'#1tfe»*£^B 3 . B i/vAtrff/io FD-MS (63 

■B-^^JdS «b^!|^5A- 1 4 ) 
OTt-^-r^PC^SSt-=t^T. -ffc-^i^A- I 4 $:^^L;fco (S.H. Tucker J.C 

hem. Soc. 1462 (1958) #M) 




donethyiacctone- 
dicarboxyiate 



dimethyl- 8<wocyclo- . 
pent(a)aceziaphthylBne^ 
7»9-dicaibo3^rlate 




dimethyl bei]zo(l,2-a, 4,5-a')- 
diacexiaphthylene-744-dicaTboxylate 



bciizo(W-a, 4^-a> 
diaCBB^httiylene 



4 3 



wo 01^3497 



PCT/JPOO/06658 




•(1)-^(14) cf. S.H.T^ J.Cheni^ l462(1958) 




1 0 ({t-^#jB - 5) 
&.TlZ7rstRmmmzj^r>r^ it-^mB-S S-^ggLfCo (Bei 1.5(3)2278 # 

4 4 



wo 01/23497 
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(16) 
fluoranthene 



Br2 (2cquiv.) 

> w 

reflux 

in CH2C12 Br 




4hrs 



(17) 

3»8-(libromo-*fluoranthcne 



CEfa 



catalysts: tBuONa 
Pd(OAc)2 

reflux 
in toluene 




(B-5) 



3,&-bis-diniethyIphenylainmo- 
Quoranthene 



(16) : cf. Beil. 5(3) 2278 

^mm 1 1 «i:#ii^A- 1 2) 





KO-t-Bu 
inDMSO 



>-Br 



Mg 

12 (trace) 



4 5 
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(A.12) 



^^^J 1 2 

>x>^Dt;^it*^'2 0/8 0 -3 0/ 7 0 (Dffl^it^^^^^ L/c„ 




(mohr ratio :20/80~30/70) 



(A) 3. io-;5u=^3. \i-i^ra^-7, ] 4 --yy :^^jut -kty h - 

4 6 



wo 01/23497 
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[1. 2-k] 7)V:t^y7-ym^m [mmm: 2 2/7 s] i\s)(D^m 

■/a^it^mit^ 3. 10-W3. 1 1 --:^7*a^-7. 14-v7^-;l^T 
h - [ 1 . 2-k] 7;u^7>x>(D=E:;l/J±A^2 2/7 S-e^-SCli:^ ' 
H - N M R 7.^ h <}: «3 51^ U/Co 

(B) 3. 1 1 -v7i-;l^TS y-7. 1 4 -v7i-;l/T-lr 

:>-7 b- [ 1 . 2-k] y)\^tv>y->m^m [^tJlit: 2 0-3 0/ 8 0 -7 
0] 

3, 10-W3. ll-v?^a^-7. 1 4 -i^7i-;^T■b:^7 h- [ 1 
. 2 - k 3 7;L':t7 >x >,Mtl [^;Ht : 2 2 / 7 8 ] (18) 5 . 0 0 ^ 
(7. 9mmo 1 ) . v7^-;UT ^ > 2. 78^7^(16. 5mmo 
1 ) > v-^A 0. 09^7^(0. 09 mm o 1 ) . b U - :5' — -V 

\j--y=)^)l.ii-.:;^y^y 0. 4 4^7^(2. 2 mmo 1) . Vi?'^ A-iS'-v' 
-y'^^-i}-^ \f 2. 12^vA(19. 6mmo 1 ) h;l^J^> 100 
= >; y >y h;H::^*^U. 6 B#rB^^i^a5tJnl^L'^J^liE^^-a-^^= RfW^^^Jit. 
cD^ii^^^ U * y ;u^&3£tl L/C* 7 A ^ a -7 h V A {3 J; 0 5JS'J 95^mfet^ 
6. 2 0^*7A^?#/to FD-MS (8 1 2) ;5^tJ^ 'H-NMR;^ 
-^^h;i. (H: 4 0 OMHz. DMSO (1 2 or) . 0 1 #M) 

J:0. 3, 1 0 - ti'X-v7i^;U7 5 y- 7 . 1 4 - v7 i^;UT-lr-:)-7 h - 
[1. 2-k] 7;U:i-v>x>i: 3. 1 1 - v7 x-;UT 5 y - 7 . 14 
-v7i:=-;UT-fe^7 h- [ 1 . 2-k] 7;U:^v>7"> (A- 1 ) (^=&;Ht*^ 
20/80-30/70 ro^^tlT-* tBi^L/Co 
1 3 

\>XTlzmtRilBmmz <fc . 5 . 12 -RXf/^ii 5 . 1 3 - X - 7 ^ 
_;^7=y_9^ 1 6 -S^7i-;i^-:7;l'^7 >T/ [ 8 . 9-a]T-bT>h 

4 7 
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Br^^ O 

V_/'^V''^f \ catalysis 

' ~ ^ iBiONa 



(ISO 



(A) 9. I 6 -s;7i:^;b-7;P^v>7^/ [ 8. 9 - a ] T-lrT > I- U U > 
(19) £7)^^ 

9. 1 6-S^7:n^;w-7;i.^7>xy [8. 9 - a] T-feT > h U l> 
Bandyopadhyai LT^ TtT^MJ U>+ ^ >$-di 

^M^t Ltz 1 . 3 -i/y jL=.jViy C7 a^y ^ [a] T-feT>hUb>-2 
><!:T-lr-^7^U:/<fc©Rj^^(::<tO^^L/Co [Indian J. Chea Vol. 2 IB. 91 (1982 

) mm] 

(B) 5. 1 2 -Z^i>V3Z.C± 5 . 13-vrot-9. 1 6 -i?7 

[8. 9-a] T-trT> h >; b> (2 0) O^fig 
9. 1 6-i^7i^;P-7;b;^7>xy [8 . 9 - a ] T-trT > h y b > ( 1 
9) 4. 0 0^rvA(7. 6mmo 1 ) $-jS{l:p^^l.> 2 4 0 5 U 'J .y 

» M^imLfjii}^ ^9M(D 1 Mm^tp* ^ V ymm is. o $ y .y h ;b 

LT5. 0 6 /^(onnm^M^mw^mtz. zo^t^mit. fd-ms (e 

8 6) ^1/ 'H-NMRX^^ h;KzJ;0, 5. 12-v7'nt-9, 16-v 
7i-;l.-7;L'^v>5"y [8. 9 -a] T-fe7> b y b>^l>VXCi5, 13 
-v^-Zn^-g. 1 6-v7i^;b-7;U:t7>7^y [8. 9-a] T-feT>h 



4 8 
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(C) 5. I 2-RXf/XI>tb, 1 3-t'X-^^7*-;l'T~ ^-9, 16-v 
7i-;b-7;U^v>xy [8. 9-a] T-bT>b U 

5. 1 2 -;g:l>VXli: 5 . \ 3-V-/a^-d, 1 6 - :c-/l.-7;b:r7 
>x y [ 8 . 9 - a ] T-bT > h b > ( 2 0 ) 5 . 0 0 ^'v A ( 7 . 4 mm 

o \) ^ 'jy :>Lzz.)\,riy 2. 7 5^7*7^(16. 2 mmo 1 ) > 

'!7A 0. 0 9r7i»(0. 4mmo 1) . b U -^-v^i' U -■/^;L'*X7 ^ 
> 0. 4 3^*7A(2. 2mmo 1 ) . VvOA-:5^-V-\'U--/h+-^?--r K 
2 . 0 b^^L. {2 0 . 6 mm o 1 ) h -'l-J^ > 2 0 0 S U U h /K^^tJ)^ 

. 2 7^'*vA^?#yc„ Z-CDlb^ti. FD-MS ( 8 6 2 ) Si/ 'H-NMRX 

Wl. (H : 4 0 OMHz. S'J^^^ : DMSO ( 1 2 or) . I12#M) 
J:0. 5. 1 2 -J^t>VXl± 5 . 1 3 - t'X- v7 ^-/l-T ^ ^ - 9 . 16-v 
7i-;U-7;U:r7>xy [8. 9-a] T-feTVh U UVT-^-SiiSi^bfCo 
^fiXf ij 1 4 

i^Tt-^^-rJK)^:«t-«fc^■^- 3. 1 1 -SI//3Z.{± 3 , 12-t'X-v7i 
^;i^75y_7^ 1 6 -v7i=-;U-7;U:r7 >-ry [8. 9-k] 7;U^7> 
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OP 




catalysts ■ 
tBuDNi 

(j^ PlI(OAci 





1^ 




[1 r . 12- -3. 4] 77 



(A) 2, 5 -i;7aiz^;U-7;b;r7 >5 
(21) O-g-^ 

S. H. Tu c k e r CO [J. Chen. Soc. 1462(1958)] $-#%{c:LT-g-fiJcLfc: 

y-fyU-i^bV^N. Camp be I 1 O:^^ [J. Chenu Soc. . 1555 (1949)] T-^ 
m^^T2, h-Vy^^jV-yjV^^yy-y [1 !• . 1 2' -3. 4] 7^ 
> (2 1 ) $-^^L/c„ 

(B) 7. 1 6-v?7^^;i.-7;b:^7>xy [8. 9-k] 7;i.;^-7>x> ( 
2 2 ) ©-^^ 

2. 5-v7.cz.;l,-7;U#v>xy H 1 ' . 1 2 ' - 3 . 4 ] 7 7 > ( 2 
1) 5. 00^7A(12. Immol) tr^-r^^vy 3. 8 6 iTvi. 
(I 9. Ommo 1) ^^i^Vy 5 0 0 5 <; .y h ^UiJ^fi:^ ^ b > 660 

r3 ©IM^^b^^bV^flS 16. 05 U ';.y>;U^?iTL. $^,(^4B#rBl6 

«OMfelS^a$-f#^c„ :i©Yb^i^{i. FD-MS ( 5 2 8 );Si; 'H-NMRX'^ 
^h;H3J:0. 7. 1 6-v7:.^;u-7;i.;d-7>xy [8. 9-k] 7;i.^7 



5 0 
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>x> (2 2) x-h^tmux^fz. 

(C) 3, 1 l-S:t>VXti3. I2-v7'n^-7, 1 6 - v7 i^;U-7;i/ 
:e-^>7^y [8. 9-k] 7;b:tv>-r> (2 3) <D^^ 

7. 1 6-v7i^;U-7;b:r7>xy [8. 9-k] 7;b:tv>7^> (2 2 
) 2. 3 0^7^(4. 3mmo 1 )• $:^<b^^b> 2 3 0 ^ 'J U 'V b 

^*>L. ^^tML/i^^bA^ro 1 M^{by^u>^9. 0 ^ <; 'J V)v^m 

m^x^xz. 0 ^cr=7i^(om.nnw^^B^mz. ^©{t:^i^(±. fd-ms (6 

8 6) ;R:1>' 'H-NMRX^^ h;K^J;«3. 3. \\ -'StXf/>L\tZ , 12-v 
1 6 -v7i— -'U-7;U:^-7>xy [ 8. 9 - k ] 7;i':t7 >-r > 

( 2 3 ) -efe'l) <»:S|^L/-Co " " " ". 

(D) 3. \\-m^/X\tZ, 1 2-t^X-v?7i^;UT^ y-7. IB-v' 
;l/-7;l/:t7 [8. 9-k] 7 71^:^7 VT^VO-^fig 

3. \ \-:Saf/>L\iZ , 1 2-':^7*a^-7. 1 6 ->^7 :c^;U-7;b^v 
[8. 9 -k] 7;i/^7>7^> ( 2 3 ) 3. 9 2 ^^*7^(5. 7mmo 
1 ) , <:;7i^;l'T^> 2. 0 3^/7^(12. Ommo 1 ) . g^^^'^'vyt' 
A 0. 0 7^7A (0. 0 7inmo 1 ) . h ';-:$'-vi'';-7'^;U;i-xX7^ 
y 0. 3 3^7*7A(l. 7mmo 1 ) . V-:^':7A-:5'-v-\' y -7'h+-9-^ K 

1 . 5 6 A ( 1 4 . 4 mm o 1 ) ^ h > 1 2 0 ^ U U «y h 

fco Ciro^t-a-tlti. FD-MS ( 8 6 2 ) 'H-NMRX'<i' V )V (H : 4 
0 OMHz. m^mm - DMSO ( l 2 Ot) . I13#M) 3. 1 1 - 

;Rl//32.t±3. 1 2 -t'X-v7i-;L/T^ 7- 7 . 1 6 - v7 i-;b-7;l/^ 
7>-ry [8. 9-k] -7 )Vir^y7-yx^^fmULfZo 
I 5 

5 I 
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[l, 2 -k] yji^t^yr-yRx/d , I i -t'x-v h u;pt5 y- 7. 14 

-v?7i-^PT5 yT•tr:^7 h - [ 1 , 2-k] 7;!';^- v >x >(Z)^;Ujt*< 8 0 

/ 2 0 ~ 9 0 / 1 0 (^la^ti^-^^byc:. 

7'ntfb-^i^l±. 3. \0-RzfZ, ll-v7*n^-7. 14-v7i^;i.7 
-fe-:h7 h - [ 1 . 2-k 3 y Jl^:t^ >7->0=Ejl^itJb< 8 0:20-90: 10 

(B) 3. 10-RTJ^3, 1 1 -t'x— :?hU;l/T^y-7. 14-S^7^r^;U 
T-ki-y h- [ 1 . 2-k] 7;i-;rv >x>K)^;^Jt36^*8 0/20-90/1 0 

-a-^«»Jl 2 (B) >'7ai::i;i.7 5 >©f^4D0 t^s^-p . p-s;hi; 

;i^TS >$-ffli>/iiii$-^t|5i^{j:LT. m^i^<D^j\^it8 0/2 0~9 0/1 

0C)3. 10-2^1/3. I I -\f7.-i^h'J)l^Tl J-7 , 14-v7^^;i,T 
-fe^7 h- [ I . 2-k] 7;U^7>7^> (A- 1 6) ^^fiKL/Co 
-a-»J 1 6 

3. 1 0-t:x-v7iri;UT^y-7. 1 4 - 7 ^;bT ^ / T-fe:h7 h 
- [1, 2-k] y)l^:ty>7'>Rzf3, 1 1 - tf7.-v7:c::^;U7 5 y- 7 . 
1 4 -v7i^;l.7 5 yT-tr-:f-7 h- [1. 2-k] 7 71.;^ 7 >x >(D=e;Uj±*^ 
8 0/ 2 0- 9 0 / 1 0 (Dm!S.!^t^f&Ltz. 

(A) 3. 10-2^t/3. 1 l-i^y'a=E-7. 1 4 - v7 i^;^7-fe::^7 h - 
[ 1 . 2 - k ] 7;u^7 >x >ifi^#j (18) 

^^^ji 5 (A) tmmizLxi^ra^it^i^^mtz. 

5 2 
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(B) 3. 10 -Si/ 3. 1 1 -ti'X-v7i-;UT^ y- 7. 14-v7i^ 
)V7^i-yh- [ 1 . 2 -k] 7;i^:f 7>x> (A- 1 ) CD^;Ujt*^8 0/2 0 
-90/10 <Z)ffi)^JfelCr>-^)?^ 

(A) -r'?#^n/cvyn=&{t-^t)^ffl''^. -^^^'Jl 2 (B) tmmi^Lx^ 3 
, 1 0 -v^-7a:^;l-T^ 1 4 -v?7i-;^7-fe:^7 b- [ 1 . 2-k] 

7;u:rvv-r>t 3 . I 1 -v?7i-;l/T5 y-7. 1 4 -i^7i^;UT-trt-7 

h - [ 1 . 2 - k ] >x XD^E^bifcA^ 80/20-90/1 0 (OU^^ 

mmm i 

2) -^0i¥ 6-O nmT-^Sb/So - - - - -- - -. -. 

Me 

(H 2 3 2 ) 

iE?Ll^iiil5Wi tTTiefk-^tl (NPD) $-111? 2 OnmT-^«Lfc„ 
<(g>— NH@)-^yN-HS> (NPD) 

(^s^fc. ^^BtLT8-t Ka+->+yU>a)Al|g# (Al q) 

(A 1 q) 

0 I 
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t3, lO-RxfZ, 1 1 -v7i^;UT^ y- 7. I A --y? 
h-7/U:rv>^> Ut^mA-\) t:^it^!^A-\(D^t<2. lmo\% 

mi OnmT'^«L. 't(D±lzmmit^mm tLXL i F^rmmo. 2ninT-^ 

o 1 0 -'T o r r (DM^^X^^ ^Ui^mM.^(Dmi^TxmmLtZo 

z(Dm^o:>mmm±. m^mmb. 5v<DBmmEEx^^mm\ o 3 (c d 

/m^). ^7fea^«6. 2 (cd/A) tig^T-^o/c. feJtffi^*^ (0. 5 

6. 0. 4 4) tm'&m^x$>-^tzo ttz. o o (cd/m')x 

immx 

mmm\\.z.is\^x^ it'^A-\<DRt>^\z.)\.':n.y^w^mu. omo \% 

z.(Dm=^(D^^mmt^ ii^m/±5. 5 V(7)EpjnmEr'^»jgi o 5 (c d 

/m^). ^mm\ti . 6 (c d/A) x$>-otzi\ ^mmm (o. 50, 0. 
5 0) (om^^ytx^-^tz. ^mmytmrn^ 0 0 (c d/mOT% ^m^mwjl 

mmm 1 (3A,^^T. it^tiA- 1 wboi^. m^i? 1 1-4036 o^<c^m 

j^o izMMLfziiJimimmizLx^ ^mELm^^mtz^ 
^(DM'FcD^mmt. m^^mKb. bY(DWMmE.xm^ms.z b (cd/ 

5 4 
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m*)> |g»^«3. 0 (c d/A) -efeO, H^tfe^TtT-fe-^ycc lO^fl^j^ 
Jt 5 0 0 (c d/m^)T-. ^mSiL|g»?L/ci::i5¥M##C±3 0 di^mtm*^^ 

mmm l ^^i5l^T. -ft-^il^A- l Wf^bOC:. It^^ l l - l e 8 4 4 
?giSK«^7. 1 4 --:^7i::i;i^T-ir:>-'7 h [1, 2 - k ] 7 >?:^JS 

. ^^^mii 1 . 3 (c d/A) T-$)«3> M^fe^^T'^^/i*^. A 1 q^54=g: 
J:«)MW>t/;io ^O^f^T^i^JtS 0 0 (c d/'m*)TN ^mSStlS 

HSfe^J 2-11 

m.mm i (3*5i>-t. -ft-a-tiA- 1 of^bo a i (;i^Ni-<b-&j^^^«L/i]^( 
mmmi 2 

A- 1 ) 1 0 0%<b A 1 q$-^^$-&^J:7{)>-:?fc^<hi^^f(i|Hl^i{::L 

z (Dm?'75%7tif##t±. ii'^sa 4 . 5 \ (Dmmjir^mtmm so ( c d / 

m^). ^7t^^C±3. 5 (c d/A) T'$,-^fCc ?l!JS^|g7fei^JS5 0 0 (cd/m 

5 5 
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mmm 1 3 

mnm i izis\,^x. (a- i ) ©^t^^ot^. -s-^^y 1 5xmihntzm^ 

Wit'i'^ ^(Oit'a^ (A— 1 5) t:m^'^fzZ t.yi^\-i±^ji^'i,Zi^x^ W'^EL^-? 

^ntz^ 

z (Dm^(Dm^<^^i.t. ii^sjE 5 . 5 Y (^wiiammx^ytmm 9 4 ( c d / 

m'). %^S?I^{i5. 9 4 (c d/A) . feJS^^ (0. 6 0. 0. 3 9) (Dm 

m^^^xh-yfz, ^m^^mm.^ o o (c d/m^)T% ^m&,W}Ltztz^ 
mmm \ 4 

^Sfe^J 1 \zi5\.^x^ it-^ (A- 1 ) -^^^aj 1 6 -e|#^n/iM# 

4*it*-^-^©ft-g-ti (A-1) ^m^^tzzti>x9\-\.mm^^i^x^ wMELm^^ 

3®m?©^it?tttt±. ii0itmi±6 V<7)EpMET'|l7fe*iJKl 0 0 (c d/m 
0. ^7fe»{i4. 7 5 (cd/A) . -feJSII^ (0. 5 8. 0 . 4 2 ) X^-^ 

tz„ wmm^mm^ o o (c d/m*)T% ^m^mmLtztz^b^nm^it i s 
^m-rzt t<x ^tz^ zna. ^ t-s^s^^^^ Rjtg ^ 3 . 11- 

tfX-v7aLr^;PT^ y- 7. 1 4 -v'7a:^;UT-fe:h7 [ 1 , 2-k]7 
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m 1 







m E 

(V) 


(cd/mO 


(cd/A) 








2 


A-2 


5. 5 


1 4 0 


5. 7 




A n A A 

2 8 0 0 




3 


A- 8 


5. 8 


1 2 0 


3 . 6 




2 10 0 




4 


A-14 


5. 2 


1 2 0 


6. 1 


—4— Ay 


2 7 0 0 




5 


A-16 


6. 0 


1 7 0 


4. 7 




3 10 0 




6 


B-3 


6. 0 


1 6 0 


3. 2 




19 0 0 


% 


7 


B— 15 


5 . 5 


ion 
1 0 U 


9 ft 


rfici 


1 A n n 

A O U U 


m 


8 


B-17 


5. 8 


1 1 0 


2. 0 




17 0 0 


9 


B-18 


6. 1 


1 2 0 


2. 8 




2 0 0 0 




10 


A- 4 


7. 2 


11 0 


3. 7 




1 0 0 0 




11 


B-5 


6. 0 


1 2 0 


6. 7 




18 0 0 



U/c^^Bfl«^Jit:i^b^ hD;U5^«yfe>X^^ti. life~#fe^l-^7tL. -fe 
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2. fiiiB{b'a-#j*^ Tie— jS:^ c n ~ c 1 83 (7)^,^fn;i>T•^$n'l){b'^^^T• 




Xi4 x'3 X>2 X" Xio 




C3D 



5 8 
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Xl3 X" 




C4] 



X6 X7 X8 




X9 x»o 



C5] 




C63 




Xi4 x'3 



12 x'l Xio 




X3 x^ x^ x^ x^ 

Xii xio 



[8:1 




C7] 
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14 




X5 X^ 



ei33 




[14] 



c-fiSit c 1 ] ~ c 1 6] 5^4^. X' ~x'n±. ■€:n^'n543A(:i. 7j<*ig-?^. a 
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< tiMa^co^Si^^ij 1-30 ot;i.+;ut 5 yg. a^^, l < (iMM^roj^ 
-X$>-:>XtJ^i\ fc/cL. ^it^rog^aX' ~X' (i=12~2 0) 




Rio Rll 



C 1 7] 



R3 



R 



4^ 



N 



R3 
R4 



[18] 



R5 R16 pl5 R14 R13 

R^— <o>— r;^— (oV- Ri2 

R7 r8 r9 fjio Rii 

C-I5xt [ 1 73 ~ [ 1 83 iC^'. R' ~RMi. ^nW3tu{::. 

I~2 0(Dt;u4^;uS. M®!^) L< liMS^Wj^^li^^iie ~3 ororu-^us 
T^^O. R' <hR' ;Sl>VXf±R» tRMi; ^*-j^^,iSg^X(i-0- -S 
-$■:^^LT|^-^LTt^T^,J:l^„ R= ~R-(±. 7K«^. fill. ^lll$^,L<(i 
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1-2 oroT;H3+vS. Mg|feL< iiMggiroj^^^?IS6~3 oro7';-;b 

H^^lgc I ~ 3 0 (^7 ;u+;i^T 5 /S. M^^) U< iiME.^<ommmi^^ 7 ~ 3 o 
CDT <; -;I/T;u+;i^t^ yaxiiSSIfe b< 8 ~ 3 0 ©t;i. 

6 . m^^(om^^t^ z t ^-ftm^l- 1 ~ 5 (o\,^irn^Hz%m.(DmB. 

SS#:j:0^?^fi«-|l7fel--9'l>^44#tO^;l.Jt*^. 90: 10-60:40 

9. -jSS^ C 1 7] 7i<^n^it-^mt-Wt^ CIS] r'^^$n'l){b-&^tl!l(^Mtt^ 
(D=Er;Ht*^, 9 0:1 0 - 6 0:4 OX&^z ttnUtt^m^^T i^^W.(D 

1 0. TiB-^5t c 1 3 ~ c 1 8] (D\,^-rni}-^xm^n^mMit^^o 
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[13 



, X / X15 \ / X12 

x7 X8 



Xl4 XJ2 X" XlO 




X3 x^ X5 X6 X^ 



[3] 



Xl3 Xl2 X" 




X6 X7 X8 



C4] 



■18 y17 




X8 X9 X'O 



[53 



6 4 
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C7) 



6 5 
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6 6 
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[14] 



[-jisit [ n ~ [ 1 6] 5t^3. X' -x^^i. ^n^'tm^nz^ jmw^^. m 
~ 3 0 ©T u m.^hL< imm.Wi(Dmmm^B.& - 3 0 or u 

< l±M»^<5Qj^*l^^if 1 ~ 3 0 0T;U+-'L'T 5 L < itMM.^(Dm 

MM^^ 7 ~ 3 0 ror 'J — ;UT;i'+>'i'T ^ ySXiifigl*) b < tiMESlJ^^H^ 

^8-3 o<Dr)\^'r^)umx-^io. mmi-^mmmRTfx' -x^'um^Lxm 
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— T'fe-p-r^)J;t^o tztzL. ^^^(Dm.^&X' ~X' ( i = 1 2~2 0) ©/J,^ 




C 1 7] 



r5 r16 r15 r14 r13 




C 1 8] 



1 ~ 2 0 0T;U3 + '>S. Sgl^, L < {±»S^(Dj^^J^^i[6 ~ 3 0 (DT U -;U 

i^^i^ 1-30 (D7;u^)i^r ^ jm. mmti l < liMmmcommm^^ 7 ~ 3 o 

or -;i.t;i.+ ;ut 5 y SXfiSgS L < c±MBMj^*J^^3gf 8 ~ 3 o (Dt;u 

6 8 
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